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2A B S T R A C T
Dry lean concrete, a material in which concrete aggregates 
are used in mixes of very low workability and with a very low cement 
content, has gained wide acceptance as a base material in both concrete 
and bituminous surfaced pavements. These bases generally develop 
transverse cracks and in many cases they are reflected in the 
superimposed surfacing.
In the preliminary part of the investigation, effort was 
directed towards establishing satisfactoiy techniques for producing 
specimens.
The latter part is concerned with a study of some of the 
elastic properties in order that the resistance to cracking may be 
assessed. A laboratory study of one method of dealing with the 
crack problem, in which part- of the mixing water is replaced with 
bitumen emulsion, has been undertaken. Furthermore, in an attempt 
to accentuate the effect of introducing bitumen, a technique of 
precoating -the coarse aggregate with bitumen has been developed so 
as to localise bitumen as a thin film over the aggregate. The 
effectiveness of this technique is assessed on the basis of woik- 
ability, strength and elastic properties. The precoating technique, 
in particular, has significantly influenced the properties under 
consideration.
Values are given for estimated stresses in bases for a 
typical wheel loading and compared with the strengths obtained on 
the types of diy lean concrete studied in this investigation.
The thesis includes recommendations for further work.
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CHAPTER I
14
I N T R O D U C T I O N
1.1 Dry lean concrete has been used as a base material for
roads and airfields for some twenty years, but very little information 
is available about mix design, the elastic and strength properties 
of this material. Considerable use of this material has been 
made in road construction in Surrey Leicester, ^  ^
BraCknell, ^  Glamorgan ^  and many other places. The material 
plays a major part in the current programme of motorways, trunk roads,, minor 
roads and also of airfield construction. Its popularity has stemmed 
on the design side from its favourable load spreading ability and 
on the construction side from the ease with which it can be laid.
It has been used with natural gravel as well as crushed 
rock aggregates. The reported ratio of aggregate to cement being 
as rich as 9:1 and as lean as 35:1. The strengths r^orted vary 
widely depending upon the aggregate/cement ratio, moisture content, 
aggregate type used and upon the compaction technique used for 
preparing cubes.
However, the bases constructed with diy lean concrete 
under a bituminous surfacing generally develop cracks and in many 
cases these cracks are reflected through the superimposed surfacing.
This behaviour has required a certain amount of maintenance in 
sealing the cracks to prevent ingress of water. Measures to avoid
cracks have had a marked influence on the development of the material 
in the twenty year period since the war. In particular, the 
relatively recent use of the material on motorway construction 
has promoted doubts regarding the ability of the cracks to with­
stand repeated applications of heavy commercial traffic.
This investigation reviews some of the published inform­
ation about dry lean concrete, including some of the methods used 
in industry to deal with the crack problem. A laboratory study, 
of some of the properties of dry lean ooncrete together with some 
methods of modifying them, has been reported.
CHAPTER 2
16
REVIEW OF PREVIOUS WORK
2.1 Introduction.
Graham and Martin^ reported the use of diy lean, concrete, 
as early as 1945, in the construction of Heathrow airport* The 
aggregate/cement ratio used was 14^ to 1 with a water/cement ratio 
of 0.60 which gave a compressive strength of more than 3,500 lb/in •. 
at 28 days.
In 1952, due to the shortage of hard core, dry lean
concrete was favoured and extensively used for road construction
(6)in the development of the new town at Crawley* Milne reported
the use of mixes with an aggregate/cement ratio of 14si and in order
to keep the water/cement ratio as low as possible a value of 0.60
was initially used. Subsequently this was found to be too low for
satisfactory compaction on site and was increased to a value of
0.70* The test cubes were hand punned but the number of strokes
per layer was increased from the minimum of 35, as specified by 
(7)B.S. 1881 to 100 per layer. The average compressive strength 
obtained differed on various sites but was generally within the range 
of 990 to 1758 lb/in2 which gave an average compressive strength 
of 1500 lb/in^ at 28 days.
More recent information about dry lean concrete is given 
by Williams and Williams v ' describing its use for the construction 
of the London-Birmingham motorway. A nominal mix of 18:1 was specified
IT
, 2
■with a required minimum strength of 720 lb/in. at 14 days. If 
this strength was not obtained on cubes made cut of samples of materials 
used, the actual cement content on site was increased or decreased 
proportionately. The ratio of aggregate to cement was, however, 
maintained between the limits of 16:1 to 20:1, Materials that did 
not meet the required strength with a mix of 16:1 were not accepted.
There is ample evidence regarding the wide spread use 
of dry lean concrete bases for roads ranging from housing estates 
to motorways and airfields. Although these bases have proved to be 
very satisfactoiy, some concern has been expressed regarding their 
suitability for roads carrying a large volume of heavy traffic.
This is due to the development of fine transverse cracks, in the 
bases, -which are subsequently reflected in the surfacing; the 
matter has been discussed in a separate chapter.
2.2 Specification.
(g)
In the 1957 Ministry of Transport specification v ' dry 
lean concrete was specified by grading limits, aggregate/cement ratio 
and moisture content. The strength requirement was not specified.
(10)The 1965 edition of the specification v ' requires t&e 7 day cube
, 2
strength of not less than 1000 lb/in;. with the corresponding 28
2
day value to be not less than 1400 lb/in . (The precise require­
ments of the clauses are more complex). The specified density is 
required to be not less than 95 per cent of the theoretical density
18
of material compacted to zero air voids. The method of
preparing test cubes has now been standardised. The Ministry of
Transport specifies that cubes shall be compacted by means
of a vibrating hammer applied directly and with sufficient pressure
on to the material in each of three layers in the mould, normally
6 inch cube, so as to compact the material to refusal. The
conventional methods of hand punning or vibration alone have been 
(11)shown v ' to be unsuitable for this material due to its very low
workability. The vibration, as specified should be
accompanied by pressure and this requires considerable effort and
care if consistent results are to be obtained.
(l2)Watson ' , referring in 1958 to current practice of
airfield design, reported the crushing strength requirement to be 
not less than 750 lb/in^ nor more than 2000 lb/in^ at 23 days.
The crushing strength limits suggested, in I960, by the Cement and 
Concrete Association were between 750 lb/in^ and 1800 lb/ix? 
at 7 days.
2.3 Mix Design.
Very little information is available on the design of
dry lean concrete mixes. Williams offers an approach which
(iS)has been publicised by Blake v and the Cement and Concrete 
(16)Association and is based upon a laboratory investigation 
supplemented by a study of results obtained on sites.
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The stages involved in the mix procedure are as follows.
2*31 Selection of aggregate grading.
The grading is based on the Ministry of Transport spec­
ification and the limits usually enable dry lean concrete to 
be mixed in free fall type concrete mixers* With-mixes of this : 
type, due to their low workability and low cement content, care 
must be taken to avoid dry segregation, and preference is therefore 
given to the use of rather higher sand contents than normal.
Table 6 shows the grading limits specified by the Ministry 
of Tran sport The proportion of sand, namely material passing
a 3/l6 inch sieve, has to be between 35 to 40 per cent in order to 
avoid segregation*
Both gravel and crushed rocks have been successfully used, 
the crushed ro<>k coarse aggregate being used either with rock fines
or with natural sands. However, all aggregates should normally
(17)comply with the requirements of B.S. 882 .
2*32 Selection of aggregate/cement ratio.
The aggregate/cement ratio is chosen according to the
(16)strength requirement. The Cement and Concrete Association  ^
reported that in early lean concrete bases, aggregate/cement ratios 
of 12:1 to 14:1 were used but more recently, however, there has been 
a tendency towards leaner mixes. Presumably, the low strength
of the leaner mixes helps to distribute the transverse cracks.
21
(18)
Wright v ' reported the use of aggregate/cement ratios of 14:1
to 35:1 on an experimental road at Whitchurch, Glamorgan.
According to the Cement and Concrete Association although
mixes with aggregate/cement ratios below 24:1 may have sufficient
mechanical stability for use in road and airfield bases, little is
known about their durability and with veiy low cement contents
variations due to incomplete mixing may result in some portions b-eing
without any cement.
The Ministry of Transport now specifies the use of
aggregate/cement ratios between 15:1 and 20:1.
In the work reported by Williams a relationship,
shown plotted in fig. 2, is given which enables the aggregate/cement
ratio to be chosen for a given strength requirement. For example,
for the irregular gravel aggregate, on which the reported results
are based, a 28 day cube strength of 2000lb/in^ can be obtained
from a mix with an aggregate/cement ratio of 20:1.
(18)Wright reported 28 day crushing strength of mixes
A  A
with aggregate cement ratios of lTjhsi as 2250 lb/in and 2750 lb/in ,
(l9)using gritstone and limestone respectively. Loe and McLellen
reported for A mix of 15:1, using Hall in” aggregate, 7 days
o
crushing strength of 1650 lb/in with the corresponding 28 days
p  ^?o)
strength of 2250 lb/in while Croney and Loe reported for the 
same mix proportion, using gravel aggregate, 28 days strength of
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Figure 2: Effect'of cement content on the 28-day compressive strength.
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2650 lb/in^, The crushing strength thus depends upon the type 
of aggregates used and it is therefore necessary to make trial 
mixes after selecting a preliminary value for the aggregate/cement 
ratio,
2.33 Selection of Water content.
(9)The Ministry of Transport , in 1957, specified a free 
water content of 5 per cent of the weight of cement and aggregate 
when the latter is in a saturated surface dry condition. However, 
the recent specification requires the water content to Tie
chosen so as to enable the degree of compaction in the base material 
to be not less than 95 per cent of the theoretical density of 
material compacted to zero air voids.
The moisture content of these mixes is generally in the 
range of 5 to 6 percent. There is an optimum moisture content for 
compaction thus for strength above or below which reduced densities 
are obtained. The values of optimum moisture content reported 
by Williams for laboratoiy compaction on mixes, with aggregate
cement ratios of 16:1 and 24:1, are 5f per cent and 5 per cent 
respectively; but he suggested a total moisture content of 6 per • 
cent, based on the total weight of cement and aggregate, as distinct 
from the saturated surface diy condition, as a preliminaiy value in 
designing mixes. Milne ^  reported a water/cement ratio of 
0.80 which corresponds to a moisture content of 5.3 P®r cent of
24
the total weight of aggregate and cement.
Thus referring to fig. 2 a water/cement ratio of 1.26 
can be a preliminary choice for the required strength of 2000 lb/in2 
at 28 days, for the design of the mix mentioned earlier.
f 16)
According to the Cement and Concrete Association if
the mix is too dry the surface of the lean concrete may shear under 
the roller during compaction and appear loose after compaction, while 
for too wet a mix, the concrete will be picked up on the wheels of 
the roller and the roller may tend to sink into the concrete.
Hence, before finally choosing the moisture content, it 
may be necessary to make trial mixes at selected moisture contents, 
with small variations, in order that a suitable value may be chosen 
so as to get the desired density. It may be necessary to make 
a slight change in the cement content to get the desired compressive 
strength.
2.34 Allowance for site variation.
To allow for site variation Williams suggested that
the statistical approach could be applied using a margin given by 
x = X0 + 575     (I)
which has been derived from
x « xo +ks 
where x is the average strength in lb/in2.
2xo is the specified minimum strength in lb/in .
25
3c is a numerical factor which is determined by the number
of results allowed to fall below the specified minimum
strength. (Table No. 7 gives the values of ^ for
different probabilities).
s is the standard deviation in lb/in •
In equation (i) above, the value of ^ has been taken as
1.28, thus accepting one cube result in ten likely to fall below
the specified limit. This value of ^ takes into account the
difficulty likely to be experienced in compacting cubes to refusal.
The value of S, the standard deviation, in equation (i)
2is taken as 450 lb/in and applies to 7 days results. Loe and 
(l9)MoLellan reported, for an experimental road, a standard deviation
O o
of 340 lb/in at 7 days and 560 lb/in at 28 days, while Croney and
Loe reported a value of 600 lb/in^ at 28 days strength.
The value of S must be decided in advance of construction
and reflects the care to be exercised in control of quality. It
can be assessed subsequently from a study of the individual results,
using the expression for standard deviation £ fX - x.J ^
* h ~ /  *
and by comparing the value assumed at the mix design stage. Once 
x and s have been established then for a specified value of x
o
the numerical value of k can be computed from the expression 
S = d/?k, where d is the difference between the average strength 
and the specified minimum strength, and the probability of a low
result assessed.
2,4 Pavement design.
Pry lean concrete is frequently used as an alternative
(2l)to a granular base and Road Note No. 29 included this base 
material under cement bound granular material. This base 
facilitates the use of the road by construction traffic and also 
provides protection of the sub-grade. The work reported by Williams f^4) 
indicate that dry lean concrete has appreciable elastic properties 
and significant flexural strength, which may give better load 
spreading qualities in comparison with granular material.
However, there is as yet no method to determine the thickness 
of construction for diy lean concrete bases. The C.B.R. method of 
pavement design, which is accepted as a standard method for designing
(21) (22)flexible pavements, is recommended in Road Note No. 29 ,
which can be summarised as follows
.Traffic Intensity. 
'* v, commercial 
vehicles per day)
150 - 450
450 - 1500
1500 - 4500
More than 4500
Thickness of 
surfacing 
(inches).
2
3
4 
4
Thickness of 
Base
(inches)
6
8
8
10
The design thickness, for dry lean concrete bases, recom-
(16) «mended by the Cement and Concrete Association is as per Road Notes
27
No. 29 ^ , & N o .  20
( 22)A recent edition of Road Note No. 29 reprinted in
1964, requires the 10 inches thickness of a dry lean concrete base
to be split into a lower layer of 7 inches of diy lean concrete with
an upper layer of 3 inches of bituminous bound material. This
has been discussed in a separate chapter.
However, due to the superior load spreading qualities of
dry lean concrete bases, there has been, over the years, a tendency
for individual Engineers to use a smaller thickness than that given
(12)by the C.B.R, method. Watson suggested determining the
design thickness of a base by using a factor of 0,7. Reduction
(24)in thickness of pavement has also been suggested by Sharp 
and Martin (26). jn (jatvdck road diversion a total 
thickness of 22J- inches was used for a pavement with a 12 inch 
thick dry lean concrete base of 15:1 mix while the required thickness 
was 28 inches.
(8)For the construction of the London-Birmingham motorway v 1 
no allowance was made for the strength of dry lean concrete 
as compared to wet mix (i.e. water bound macadam), though a loading 
test made with a group of four ll-r ton wheel loads on a dry lean 
concrete base showed complete recovery of deflection. It was 
concluded that the value of this base constructionally was approx­
imately equal to twice the thickness of the uncemented granular 
material, but in fact no allowance was made for this favourable
28
load spreading ability.
2^8)
Wright compared the performance of dry lean concrete
"bases with water bound macadam or tar macadam bases, laid at Alconbury 
Hill, and found no justification for reducing the thickness of dry 
lean concrete bases.
( 28)Table No. 1, which is reproduced from Wright v , gives 
very useful information.
5? ABLE No. 1 
Deformation in road bases
Surfacing Base
Maximum 
Deformation in 
near side wheel 
track after 3 
years of traffic 
(inches).
4 inches rolled 
asphalt
6 inches asphalt 0.30
do. 9 inches lean 
concrete
0.32
do. 9 inches water 
bound macadam 0.36
doi 9 inches sand 
cement 0.50
4 inches rolled 
asphalt
3 inches asphalt )
do. 6 inches lean \ 
concrete \
0.44
do. 6 inches water ) 
bound macadam *
do. 6 inches tar macadam 0.58
do. 6 inches sand cement 0.80
29
Table No. 1 (contd.)
Surfacing Base
Maximum 
Deformation in 
near side wheel 
track after 3 
years of traffic 
(inches)
inches rolled 
asphalt
6 inches 
asphalt
' 0.39
do. 6 inches water 
bound 
macadam.
0.53
do. 6 inches tar 
macadam.
0.63
do. 6 inches lean 
concrete
1,02
do. 6 inches sand 
cement.
1.26
4 inches bitumen 
macadam.
6 inches lean 
concrete
0.62
do. 6 inches tar 
macadam.
0.78
do. 6 inches water 
bound 
macadam.
1.05
4 inches rolled 
asphalt
3 inches tar 
macadam.
0.64
do. 3 inches water 
bound 
macadam.
0.85
do. 3 inches lean 
concrete.
0.88
Croney and Loe quoted values of transient deflections 
at different sections of the Alconbury Hill experimental road, using 
a deflection beam. The mean deflections are as tabulated in table 
Ho. 2.
TABLE No. 2.
Transient deflections in road bases.
Surfacing Base Mean deflection 
in x 10 “ 3
l) 4 inches asphalt 9 inches lean 
concrete
5
do. 9 inches soil 
cement
12
do. § inches tar 
macadam
14
do. 9 inches wet mix 30
2) 4 inches asphalt 6 inches lean 
concrete 6
do. 6 inches lean 
concrete
8
do. 6 inches rolled 
asphalt 10
do. 6 inches soil 
cement 17
do. 6 inches soil 
cement 19
doi 6 inches tar 
macadam
21
do. 6 inches wet mix 28
do. 6 inches wet mix 40
3) 4 inches bitumen 
maoadam
6 inches lean 
concrete
12
do. 6 inches soil 
cement.
50
51
Croney and Loe concluded from the above results that
the deflections tend to decrease with the increasing rigidity as 
■well as thickness of the base. It is quite evident from the 
above results that dry lean concrete bases have shown the minimum 
deflection in comparison with soil cement, rolled asphalt, tar 
macadam and wet mix bases. Thus, although dry lean concrete bases 
show marked superiority initially, the long term behavoiur is 
progressively less favourable as cracks open and allow some movement 
to occur.
2.5 Strength Properties.
2.51 In Compression.
Dry lean concrete, in the same manner as normal concrete,
needs to be compacted to the desired degree to achieve the required
strength. The compaction obtained in cubes is by intensive vibration
under pressure in a confined mould and is generally higher than that
(16 ^on site. The Cement and Concrete Association K ' reported that
with good site control, the dry density of the pavement can be between
95 to 97 per cent of that of cubes compacted to refusal. Clark (29)
(19)and Loe and McLellan quoted values of 97.2 and 96 per 
cent respectively*
The incomplete compaction results in a reduction in the 
Compression strength and attempts have been made to relate the 
compressive strength to the dry density. Results published by
32
Williams suggest that a reduction of 5 per cent in the dry 
density causes a reduction of 40 per cent in the 7 day compressive
(3)strength. In an earlier investigation, however, it was
found that 5 per cent reduction in the diy density of the compacted
cubes reduced the strength by 31 per cent. According to the Cement
(16)
and Concrete Association ' the compressive strength of material 
in the base can be between 60 and 70 per cent of that measured in 
cubes. More research is required to arrive at a definite con­
clusion. The factors such as variation in cement, aggregate, 
efforts required for compaction, grading may affect the results.
Table Wo. 3 has been prepared from some of the published 
information and suggests that the compressive strength varies with 
the type of aggregate and with the mix proportions.
TABLE No. 3.
Compressive strengths of dry lean mixes.
Source
Agg/
Cement
ratio
Type of 
Aggregate
Maximum 
size of 
Agg­
regate
Water
Content
fo
Compressive
Strength
(lb/in2)
at 7 at 28
days days
l) Loe and(l9)l5:l All in I5- in. 5 1650 2250
McLellan material
2) Milne^ 14:1 All in li in. 4.3 not 1000
ballast to rep­ to
from 5.7 orted 3700
Thames
Valley
3) C l a r k ^ 18.1 All in
material l-g- in. 5.6 1147
53
TABLE? No. 3 (Contd.)
Source Agg/
Cement
ratio
Type of 
Aggregate
Maximum 
size of 
Agg­
regate
Water Compressive 
Content Strength 
fo (lb/in^)
at 7 at 28 
days days
4) Croneyt2°) 
and 
Loe
15:1 All in 
material
1* in. 5 not
rep­
orted
2650
5) Wright 3551 Gritstone Not reported 650
do. 2351 do. tt rt it 1500
do. ■17**1 do. ft m tt 2250
do. 14:1 do. tt  !» Tt 3450
do. 23:1 Limestone I t  t t ft 1850
do. 17*: 1 do. ft ft tt 2750
6) Williams4  ^
do. 
do.
16:1 ) 
20:1 ) 
24:1 )
Irregular
gravel
and
natural
sand
from
Thames
Yalley
i  in. 
do. 
do.
6
do
do.
Not
rep­
orted
i t
t t
3050
2075
1400
* In this case the cubes were compacted by hand punning with 
a substantial number of blows and thus cannot be compared with cubes 
compacted to refusal.
2.52 In tension.
It is important to know the tensile properties of concrete
for pavement design. Not much is known about the behaviour of
dry lean concrete in tension, Williams ^  investigated the
effect of variation of cement content on the flexural and indirect
tensile strengths and the effect of variation of dry density on
the above strengths. A reduction of 30 per cent in flexural
and tensile strengths for the presence of 5 per cent air voids
was reported. It was also suggested that it was desirable to
control the compaction and the use of falling weight to compact
(30)
cylinders. An earlier investigation v 7 examined the use of 
a ten pound weight falling freely through a height of 18 inches, 
a standard hammer used in the Marshall test for compacting 4 inch 
diameter cylinders.
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CHAPTER 3
THE PROBLEM OF CRACKING IN PRY LEAN CONCRETE BASES
3*1 Introduction
The extensive use of dry lean concrete is mainly due to
its merits. The ease and speed of laying and compacting by
standard equipment and very little skilled labour compares favourably,
for example, -with the conventional methods of construction of reinforced
concrete roads. The mix design and quality control procedures are
0
relatively straightforward and the finished base with bituminous surfacing 
gives excellent performance.
However, these bases normally develop transverse cracks 
which are subsequently reflected in the surfacing. No precise rule 
can be given as to the crack spacing since the reported values vary 
from as close as 20 feet to spacings of 200 feet or even complete 
freedom from cracks. This behaviour has promoted doubts among 
some engineers regarding the suitability of dry lean concrete as 
a road base under heavy traffic conditions.
The cracking characteristic has been referred to in a
number of papers and especially by Dann, ^   ^Mercer,  ^  ^Milne,^ ^
Clarke, Loe and McLellan and Wright*
3.2 Incidence of cracking.
( r )
In 1956, Mercer reporting on dry lean concrete bases
for roads in Crawley, classified the cracks as hair cracks and found
them to be visible in cold weather but hardly detectable in hot
■weather.
(4)Wright observed that the amount of cracking tended 
to increase with the age of the road, which is expected, since it 
takes time for a crack in the base to appear through the surfacing.
(4)From the evidence available, Wright was not able to decide if
all the cracks in the base were immediately transmitted through
the surfacing nor indeed if additional cracks developed after the
base had been surfaced.
(28)Attempts to correlate the frequency of cracks have 
not been successful, as yet, due to the large number of factors 
involved, such as temperature at the time of laying, duration 
between laying of the base and the surfacing, thickness of base, 
degree of compaction attained in the base, cement content, and 
crushing strength. The information regarding crack spacing is
(4) (18) (32) .
based upon comprehensive surveys roads constructed
with this material and, in general the detailed information required 
has not been fully recorded as part of normal site supervision. It 
is only from surveys of the roads which originally formed experiments 
for the Road Research Laboratory that the essential information is 
available.
The study, however, enables a number of conclusions to
be drawn regarding certain aspects of the problem, as follows:
3.3 Effect of base thickness.
In one experiment, the behaviour of dry lean concrete
bases with sections of different thicknesses, namely 8, 10, 12, 14
(28)and 16 inches, was studied by the Hoad Research Laboratory .
It was observed that fewer cracks developed in the 16 inches thick 
section but the crack frequency did not progressively increase with 
reduction in the base thickness.
3*4 Effect of mix nronortions.
In the experimental road referred to above, mixes with 
aggregate/cement ratios of both 15:1 and 20:1 were used which app­
arently showed no difference in the frequency of cracking at the
(l8)
time of the report. However, in a separate experiment carried
out by the Road Research Laboratory it was observed that the tendency 
for cracking was less in sections in which mixes with an aggregate/ 
cement ratio of 35:1 was used than in those in which mixes with a 
ratio of 14:1 was used.
( 29) C
In the iiyr by-pass , fine cracks described as not
5
being sufficiently wide to enable their width to be measured were
detected at regular intervals of 75 to 85 feet using diy lean concrete
with individual cube strengths as high as 3000 lb/in . On adjusting
the mix proportions, so as to bring down the strength to an average
value of 1150 lb/in2, narrower cracks formed in subsequent woik at
intervals of about 30 feet, This finding is in agreement with the
(32)conclusion,expressed in a recent report , that the frequency of 
cracking through the surfacing decreases with lower cement content.
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3*5 Effect of aggregate type.
In comparing dry lean concrete using different aggregates 
(l8)Wright drew attention to the freedom from cracking on sections
of a road where limestone aggregate was used. This is supported
(32)m  the detailed survey , referred to earlier, in which it is 
reported that the incidence of cracking is significantly reduced 
when limestone aggregates are used.
3,6 Conclusions drawn.
A number of views have been expressed regarding the causes 
(6)of cracking. Thus Milne attributes the cracks to "shrinkage
and to temperature effects in the absence of expansion joints".
Wright ^  is of the opinion that the transverse cracks are due to
thermal movements and suggests that this explains the relative
freedom from cracking when limestone is used, this aggregate having
a coefficient of thermal expansion of about half that of siliceous
(l)aggregates. Mercer v merely attributes these cracks to the
(33)contraction of the dry lean concrete bases. Blake reported
the cracks to be due to shrinkage and temperature effects.
In summary, the cracking is generally attributed to the 
dimensional changes rather than to the effects of wheel loading.
Condition surveys suggest that when progressively leaner 
and thereby lower strength mixes are used, greater numbers of fine 
cracks are developed and are thus less likely to appear through
( 28)the surfacing, Wright ' suggested that varying the cement 
content may not only change the strength but also the shrinkage 
characteristics and strain capacity of the base material.
Thus the strength of dry lean concrete does not seem to 
be the only criterion for cracking. The ductility should also be 
considered in order to understand cracking. This conclusion is 
especially relevant to the investigation reported in this thesis,
3.7 Other defects.
Other defects such as deformation and crazing have been
reported (32)^  -j-^ s is not a normal characteristic behaviour
of this type of material. The limited occurrences of such defects
have been attributed to poor compaction or to an under-estimate of
the expected traffic, which might have led to a structural failure,
(4)eventually leading to random cracking. Wright referring to 
the methods of pavement design, considered them to be quite 
satisfactory as the majority of the roads examined have so far given 
good performance for periods of about ten or more years.
3.8 Effect of transverse cracks on performance.
In the survey ^  carried out by the Hoad Research 
Laboratory, it was concluded that although the majority of sites 
inspected had developed transverse cracks, their existence did not 
necessitate repair work and, in general, the cracks were not noticeable 
by motorists. In fact the only reference which has been found to
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(ig)
defects at cracks relates to the Great Cambridge Hoad x 1 where
cracking occurred, almost without exception, in the surfacing above
construction joints.
(3l)Dann found the transverse cracks to be non detrimental
(l)but made no reference to their width. Mercer ' observed that
the cracks did not give rise to any structural failure, in spite
(6)
of the continuous use of the roads. Milne emphasised that
there was no evidence of structural failure as a result of the fine
cracks which were a characteristic of the concrete bases at Crawley.
( 28)Wright reported that diy lean concrete bases generally perform
well although transverse cracks do appear in the surfacing.
( 33)Blake w  ' referring to the presence of transverse cracks reported 
that there was no evidence of deterioration at these cracks except 
that they needed sealing to prevent the ingress of water,
3.9 Measures to reduce cracking.
Attempts to reduce cracking in diy lean concrete have 
been diverse and include the formation of definite construction 
joints, use of light reinforcement in the base, increasing the 
thickness of the surfacing, use of multi-layered surfacing, using 
rubber bitumen surfacing or the addition of bitumen emulsion to the 
mix.
3.91. The formation of definite construction joints has been 
reported by Watson^12\ Milne ^  and Mercer However, this
procedure had an adverse effect on the incidence of cracks. Milne
and Mercer reported that the cracks over the joints were wider, and
Wright ' and Mercer . Hard drawn steel wire fabric
weighing 2,72 lb/yd^ has been used at Crawley, and has had the
intermediate cracks still developed at irregular intervals,
( 63,92. The use of light reinforcement has been reported by Milne ^ 
^  ^
effect of reducing the number and the width of cracks. Milne 
further reported that tteg"experiments were in progress using different 
types of reinforcement such as mesh and expanded metal fabrics of 
different weights, but at the time of reporting, it was not possible
C 28)to assess the effectiveness of these measures* Wright 
observed a reduction of transverse cracks from 30 per 1000 feet to 
11 per 1000 feet of carriageway due to the use of light reinforcement. 
These cracks have so far shown no signs of developing into serious 
defects. This technique, although apparently quite effective, 
involves extra expenditure and detracts appreciably from the relative 
ease of construction associated with this material. The extra 
expenditure can perhaps be justified as it might enable the required 
thickness of surfacing or of the base to be reduced.
3.93. The effect of increasing the thickness of the surfacing 
is considered to be two-fold. The extra thickness increases the
insulation and thms reduces the thermal movements in the base. It 
also increases the strength of the surfacing and thus reduces the 
possibility of crack propogation. Again referring to Crawley 
the Majority of the roads developed cracks where the thickness of
the surfacing was 3 inches hut cracks were not apparent where the 
thickness of surfacing was 5 inches or more. This approach is 
clearly effective but involves substantial expenditure.. The recent
(22)
edition of Hoad Note No. 29 , for roads carrying more than 4500
commercial vehicles per day, requires the normal 10 inches base 
to be a composite base with a lower layer of 7 inches of dry lean 
concrete and the top layer of bituminous bound material 3 inches 
thick; this is then surfaced with 4 inches of hot rolled asphalt. 
Thus considerable increase in the thickness of bituminous material 
is produced. According to Blake 1 this type of construction 
may reduce the problem of cracking but may result in deformations 
in the surface in the wheel tracks.
3.94. Experiments with multi-layered surfacing are in progress
(6)and Milne suggested that a series of layers is less likely to
lead to crack propagation. At the same time multi-layered surface
(6)
leads to improved riding quality, and Milne is of the opinion 
that it delays the appearance of eracks.
3.95 The use of rubber bitumen macadam surfacing was reported
by Milne The rubber was added mainly to give plasticity
to the surfacing, with the aim of increasing the capacity of the 
surfacing to accommodate the thermal movements in the base, thereby 
reducing the incidence of cracks* Xt was found that 4 per cent 
rubber added to the bitumen reduced the incidence of cracks and
• 43
the cracks which were detected were barely visible. Further ob­
servations are being made to investigate the long term behaviour of 
this type of surfacing.
3.96. The object of addition of bitumen emulsion to dry lean
concrete is to produce the required workability at a lower moisture
content, thus reducing shrinkage. The bitumen component of the
emulsion is also likely to give a certain amount of plasticity to
the base. The bitumen added is in the form of emulsion consisting
of about 55 per cent bitumen and 45 per cent water with a small
(6)quantity of an emulsifier. At Crawley 5 and 10 per cent of the
mixing water were replaced by emulsion. In a broadly similar
trial at Runnymede ^  a value of 6.3 per cent was used. The
(34)latter work was reported by Elkerton , who found the emulsion:
had the desired effect of increasing the workability of diy lean
(34)concrete with a reduced amount of water. Elkerton further 
reported that the improved workability facilitated rolling and led 
to improved compaction and suggested that the amount of cement could 
perhaps have been reduced, A delay in the setting time was also 
observed which allowed considerable areas to be spread and levelled 
prior to compaction. The roads at Crawley and Runnymede have 
developed cracking and are included in the comprehensive survey 
reported by Wright Milne however, reported very
recently that the addition of emulsion to mixing water did not
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produce any significant effect on the incidence of cracks.
Nevertheless, this approach appeared to have some merit 
but no laboratory studies relating to it have been reported. In 
particular the effect on the modulus of elasticity, strain capacity 
and strengths especially in tension has not been investigated.
CHAPTER 4.
SCOPE OF WORK REPORTED
4«1 Introduction.
Pry lean concrete although used very widely, needs 
special attention as it is to some extent different from conventional 
structural concrete. The methods of compaction for these mixes 
differ widely from conventional concrete. Although very low in 
cement content, these mixes show appreciable strength whan com­
pacted properly. More information on methods of compaction, 
crushing strength, tensile strength, moduli of elasticity in 
compression and in tension is required.
It is generally accepted as the characteristic property 
of diy lean concrete bases that cracks develop due to dimensional 
changes resulting from temperature variation and shrinkage. It 
is necessary to investigate the tensile strength and the elastic 
properties of dry lean concrete in order that the resistance to 
cracking may be assessed. However, in the work reported in this 
thesis no attempt has been made to assess the magnitude of the 
dimensional changes which initiate the cracking.
The information on the tensile and elastic properties 
is also likely to be of value in assessing the load-spreading 
properties of the material in order to introduce a realistic 
method of pavement design as the present method, based on the
C.B.R. test, does not allow for a reduction in thickness to take 
account of the appreciable strength and stiffness of this type of 
material.
The methods of dealing with the crack problem have been 
diverse. The approach of addition of bitumen emulsion to the 
mixing water in order to achieve the desired workability at lower 
water content needs to be studied as this method does not require 
special equipment and adds little to the cost and is veiy simple 
to adopt,
4,2 Development of compaction technique.
compacting cubes to refusal it is likely that the 
pressure applied may vary depending upon the operator using the 
vibrating hammer. Thus the strengths are likely to show some 
variation even on uniform material.
It may be possible to relate the diy density, calculated 
from the amount of dry solid particles per unit volume, with 
tensile and compressive strengths. By varying the applied 
compactive effort the dry density and the strengths could be 
varied,
A study of compacting cylindrical specimens, based on 
a suggestion by Williams a controlled density has been
made by using a falling weight - the Marshall hammer, a ten pound 
weight falling freely through 18 inches - so as to standardise
a method of compaction and also to produce specimens to a controlled 
density. An attempt has been made to relate the density of cubes
compacted to refusal to that of cylinders, -which can subsequently 
be related to the density of cores cut out of the compacted bases.
As it is difficult to measure the tensile strength of 
concrete directly, due to the difficulty of ensuring an axial force 
and also due to the problems associated with gripping the specimen 
satisfactorily, the indirect tensile strength has been measured*
This test has been chosen in preference to flexural test as the 
material compacted in beams tends to move laterally with the 
direct application of the vibrating hammer, thus giving lower 
densities. Wright ' suggested that the indirect tensile 
strength gives consistent results. This part of the work was 
a continuation of an earlier investigation
4 .3  Selection of mix moisture content.
In order to study the strength and elastic properties of 
dry lean concrete, it is necessary to select the mix moisture 
content so as to obtain, for given mix proportions, either maximum 
dry density or maximum strength. It is therefore necessary to 
study the effect of change in moisture content on the mechanical 
properties of dry lean concrete. Mixes were, therefore, made 
with various moisture contents and the effect studied.
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4<*4 Modulus of elasticity of dry lean concrete. •
In order to understand the cracking in dry lean concrete 
it is necessary to study the modulus of elasticity. It is also 
necessary to study the strain capacity so as to assess the 
ductility of this material. Methods to increase the strain* 
capacity without causing permature failure need careful investigation. 
The study of the effect of additives and other means, so as to 
modify the elastic properties and add ductility to dry lean 
concrete, is of importance.
The study of the modulus of elasticity of dry lean concrete, 
referred to subsequently as unmodified dry lean concrete, was 
therefore undertaken. Having established the modulus of 
elasticity the methods of modifying it have been studied.
Site trials had been undertaken in industry, by adding 
bitumen emulsion to mixing water, the effect of which on the 
performance of dry lean concrete bases is not yet firmly estab­
lished. A laboratory investigation was undertaken so as to 
study the effect and is reported in this thesis.
The effect of replacing both 10 and 20 per cent of the
weight of mixing water with bitumen emulsion has been investigated
and a study made of the moduli of elasticity in compression and
in tension and also the electro-dynamic.
The object of bitumen emulsion, as mentioned before was
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to achieve the desired workability at lower moisture content so 
as to reduce shrinkage and add ductility to the compacted bases. 
The ductility would be due to the bitumen, in the emulsion, 
present in the bases.
The bitumen added in the form of emulsion distributes 
itself evenly in dry lean concrete bases. In order to give 
more pronounced ductility, it was decided to localise the bitumen 
by precoating the coarse aggregate, on the premise that the 
coating, serving as an elastic layer between the aggregate and 
the mortar, may be more effective than dispersing the bitumen 
evenly through the matrix.
The coating will also reduce the bond between the 
aggregate and mortar and thus reduce the strength. The reduced 
strength is likely to distribute the cracks evenly into small 
hair cracks thus avoid their incidence on the surfacing.
It is interesting to note that precoated aggregates 
(37)were tried by Haegermann f in 1937-38 in Germany, for 
increasing the resistance of concrete to cracking and were used 
in conventional road slabs. The technique reported in this 
investigation was, however, independently developed.
4*5 Pois3on!s ratio.
In order to understand the elastic behavious of dry 
lean concrete it is necessaiy to know the value of Poisson*s
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ratio especially for the calculation of stresses induced in the 
bases under wheel loads.
The lateral strains of specimens tested for static 
modulus of elasticity were measured and the values of Poisson’s 
ratios for dry lean concrete, unmodified, with emulsion and with 
precoated coarse aggregate, have been investigated and reported 
in this thesis.
4*6 Tests on supplementary specimens.
It is necessary to study the effect of emulsion on the 
properties of dry lean concrete, especially the strength* 
Improvement in workability was reported by Elkerton , which 
was not supported by a laboratory investigation. The improved 
workability might result in better compaction, an aspect which 
has been studied in this investigation. The effect of emulsion 
on other properties such as flexural strength and equivalent cube 
strength has also been studied.
4.7 Overall interpretation of the experimental data 
in relation to crack behaviour.
Having investigated the elastic and other properties 
of dry lean concrete it was thought necessary to consider the 
results together so that the susceptibility of dry lean concrete 
bases to cracking could be considered. The possibilities of 
influence on the crack pattern of modified dry lean concrete
have been considered in the light of the different factors 
responsible for cracking,
4*8 Implications regarding wheel loading.
In order to allow for the possible acceptance of
modified diy lean concrete an estimate was made of the stresses
induced due to a typical wheel load. Two types of load
conditions, namely interior and edge, have been considered
(
and the stresses calculated by means of the Westergaard
formula with an additional assumption for load spreading by the
surfacing.
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CHAPTER 5 
MATERIALS USED AND PREPARATION OF MIXES
5*1 The materials used were as follows.
5.1 1 Cement.
Ordinary Portland Cement was used throughout the invest­
igation.
In the very early stages cement for consignment No. 1 
was used, though for most of the mixes, cement from consignment 
No. 2 was used. The cement was received and stored in sealed 
drums.
Details of the standard tests of the cements are given 
in table No. 8.
5.1 2 Aggregates.
Both coarse and fine aggregates were obtained from the
Thames Valley. The coarse aggregate was of -f inch maximum size
containing an appreciable amount of crushed oversize material. 
Sieve analysis was undertaken, for both fine and coarse aggregate, 
to determine the gradings.
A grading shown in fig. 1 was used which was based on 
the grading limits 2/3 in Road Note No, 4 ^  \  The grading 
used was adopted as it is a typical grading commonly used on sites 
and is reasonably close to the grading recommended by the Ministry
of Transport
(10)
The actual proportions of aggregate, allowing for average 
variations in nominal single size materials, were as follows.
The aggregates were air dried before use.
'5*1 3 Bitumen emulsion.
The emulsion used was supplied by Lion Emulsions Ltd. 
and was the "extra stable" type, fully complying with B.S. 434 
and 2542 class 3> and highly mixable with water and contained 
55 per cent bitumen.
throughout the investigation. However, the emulsion was found 
to become separated in later stage.
5.1 4 Bitumen.
Sand
from 3/16" to 3/8" 
" 3/8" to 3/4"
34$
29$
41$
The emulsion was delivered in a drum and was used
Straight run bitumen 6O/7O penetration was used for
coating aggregates.
viscous temperature
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5.2 Preparation of Mixes.
The aggregate/cement ratio of 17^:1 by weight was chosen
and used throughout the investigation, since it lies in the middle
of the range specified by the Ministiy of Transport
All materials were batched by weight and mixed in a
3
laboratory pan type mixer 1 ft. capacity. Due to very low
cement content in these mixes, the mixing was continued for 4
minutes in order to ensure thorough mixing, although this is not
a site requirement. The bitumen emulsion, whenever used, was
diluted with some mixing water and added as soon as mixing began
and the rest of the water added subsequently. Care was taken to
ensure thorough distribution of emulsion in the concrete. An
interval of 10 minutes was allowed between the start of the mixing
and the starting of making specimens which took account of change
in workability due to absorption of water by air dried aggregates.
This time was thought to be sufficient and was based upon a
(41)suggestion by McIntosh
The free moisture content used for this investigation 
was 5? per cent of the weight of air dried aggregates though the 
optimum moisture content 66 obtained in this investigation was 
about 4.6 per cent of free water, the percentage used gave a 
slightly more workable mix and resulted in specimens having 
sealed surfaces, which facilitated fixing the Demec studs on
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specimen^ to be tested for strain measurement • An estimated 
allowance was made for absorption of water by air-dried aggregates 
and an extra amount of water equal to -g" per cent of the weight of 
the aggregates was judged to be sufficient. In case of aggregates 
coated with tar and bitumen this allowance was not made as it was 
thought that the coating was sufficiently uniform and no absorption 
of water would take place,
5.3 Coating aggregates with bitumen.
The bitumen was heated to 120° C as at this temperature 
its reduced viscosity enabled coating to be undertaken. The 
air dried aggregate, from -J in. to 3/l6 in. nominal size, were 
heated to 120° C for about an hour. The aggregates and bitumen 
were then weighed in batches and mixed in a domestic type mixer 
at the rate of 1.5 per cent of bitumen to the corresponding weight 
of aggregates. When the coating was thought to be even the 
aggregates were allowed to cool until the next batch was similarly 
coated. The previous batch was then mixed with granite dust,
3 per cent of the weight of uncoated aggregates being used. The 
mixing was continued until the coating was judged to be even. The 
aggregates were allowed to cool for about five minutes before 
coating with granite dust.
The aggregates were then allowed to cool at laboratoiy 
temperature and were used as required.
5.4 Coating aggregates with tar.
In the case of tar coated aggregates, the process was 
similar to that of bitumen coated aggregates, except that the 
tar and aggregate were heated to 100° C as the tar was fluid 
enough to work at this temperature. The amount of tar used 
was 1 per cent of the weight of air dried aggregates as this 
quantity gave very uniform coating,. The tar-coated aggregates 
did not require dusting to prevent them sticking together.
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CHAPTER 6
METHODS OP PREPARING SPECIMENS 
and
DETAILS OF TESTING- PROCEDURES
6.1 Introduction.
Different types of specimens were made according to the 
property to be measured. For the greater part of the work 
compaction was effected by the use of a vibrating hammer applied 
under pressure but a new technique, using a falling weight, was 
developed for the cylinders.
The methods followed for preparing and testing specimens 
were as follows;
6.2 Cubes.
As the maximum size of aggregate used was in, cubes 
were made using 4 in« moulds.
The method of applying the vibrating hammer directly on 
to the material has been recommended by the Ministry of Transport 
and by Williams and is intended to compact the material
to refusal. A vibrating electric hammer, with a rectangular 
foot 5?- in. x 3 in. size in plan, was used for compaction.
The compaction was achieved in three approximately equal layers 
by applying the foot of the vibrating hammer directly on to the
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material in the moulds. The hammer was evenly placed on each 
layer in an attempt to ensure uniform compaction. For the top 
layer, a 6 in. x 6 in. foot was used for the hammer, initially 
compacting and subsequently planing the surface. This produced 
a surface level with the top which facilitated the estimation of 
density.
The cubes were tested in accordance with the requirements 
Of B.S. 1881
6.3 Beams.
The filling and compacting of material in beam moulds 
was similar in principle to that of cubes. The beams had to be 
compacted with more care as the material tended to move laterally, 
away from the foot of the hammer, which gave slightly lower 
densities. The time of application of hammer was also increased 
to take account of the^layea? size of the specimens.
In the case of both beams and cubes, the application of 
the hammer was continued until it was judged that the material 
was satisfactorily compacted. The time of application varied 
with the workability of the mix and was of the order of 25 to 35 
minutes to compact 6 cubes, 1 beam and 2 prisms.
The beams were tested in accordance with the requirements
(42)
of B.S. 1881 except that in the case of the flexural test
the beams were tested on their sides, the top surface during
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casting .‘being vertical during the tests. This procedure was 
adopted due to the difficulty of getting smooth top surface during 
casting and was suggested by Williams (l4\
6.4 Cylinders.
The moulds used for making cylinders were of 4 in. 
diameter and specially made to fit under the foot of an automatic 
Marshall hammer. The compaction incorporates a 10 lb. weight, 
falling freely through a height of 18 inches and striking a base 
of a diameter of 3f inches. This hammer was developed by Marshall 
for designing asphalt concrete mixes in the U.S.A. Specimens of 
about 2^ inches height were made as it was not possible to compact 
greater heights with the hammer. It was, therefore, decided to 
compact the material in one layer only. In order to reduce 
segregation, the material after placing in the mould was spread 
evenly, before compacting, using a round bar. This was necessary 
due to the limited height of the specimens, and is thought to have 
been of value in reducing honeycombing.
The use of an automatic hammer was preferred to the 
conventional hand operated hammer as it reduced the problem 
associated with holding the hammer vertically, this being an 
important requirement to produce the top surface of the specimens 
plane and perpendicular to the central axis. This was necessary 
in order to facilitate accurate measurement of the specimens so as
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to calculate the density with sufficient accuracy.
The Marshall hammer was used in preference to the 
vibrating hammer as the effort for compaction with the former 
can be well controlled.
The cylinders were tested by applying compressive force 
along the diameter. In order to reduce the,influence of packing 
strips on the results, beach faced 3-ply i  in. thick and ^  ^n* 
wide plywood strips were used throughout the investigation.
6.5 Specimens for stress and strain determination.
6.5 1 In compression:
The specimens used were prisms 6 in. x 6 in. square by 
12 in. height and were cast horizontally and filled in four 
approximately equal layers. The compaction was similar to 
that of beams.
This size was adopted because it reduced the effect of 
possible eccentricity of load due to the larger dimensions of the 
specimen. This size also allowed the use of 4 in. Demec gauges 
for the measurement of lateral strains, the larger gauge length 
being more sensitive than the 2 in. length which would have been 
necessary on 4 in. square specimens; this led to increased 
accuracy in the measurement of lateral strains.
The specimens were centred on the machine. They were 
then cycled by loading up to 4r of the estimated failure load,
as calculated from the crushing strength of cubes, and unloaded.
Strain measurements were taken at the load limits. A shape
factor of \ was applied to the compressive strength of cubes
in order to estimate the crushing strength of the specimens. The
specimens generally gave slightly lower densities than the densities
of cubes. Thus, the estimated value of the failure load was
thought to be approximate: ' and necessitated some departure from
(42)
the load cycling procedure given in B.S. 1881 . Thus the
upper cycling limit was based on one third of the estimated prism 
strength rather than of the measured cube strength. Furthermore 
the smallest load that could be measured on the testing machine 
was 54 lb/in .
Strains were measured on all four faces and enabled any 
eccentricity of the loading to be detected and thus facilitated 
the recentering of the specimens. The cycle of loading and 
unloading was continued until the differences in the deformations 
on the four faces of the specimen were reasonably within the range 
specified by B.S. 1881 ^ 2)^  The specimens were loaded and 
the strains measured at increments of load until the failure load 
was reached. Attempts were made to keep the increments in stress 
equal for all specimens and to read the gauges with as little delay 
as possible, so as to minimise the effects of creep. The average 
of strains from the four faces was plotted against stress*
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The determination of the nodulus of elasticity was
based on the longitudinal strains measured on 4 in. gauge lengths 
so as to comply with B.S. 1881 In addition, strain measure­
ments were made on 8 in. Demec gauges as an overall check on the 
uniformity of results and were found to be in close agreement with 
the shorter gauge length in spite of the fact that the 8 in. gauge 
length overlapped the end restraint zones of the prism.
The calculation of the modulus of elasticity from the
stress-strain curve normally presents some difficulty due to the
(43)lack of linearity which is often obtained. Orchard and
(44)Murdock suggest that the ratio of stress over strain at an
arbitrarily chosen value of stress, which is applied at a given
(45)
rate, is useful in practice. According to Elvery the secant
modulus is more practical for structural calculations. The Road
Research Laboratory emphasised the difficulty of deciding the
modulus of elasticity as the tangent to the stress-strain curve is
not only difficult to draw but also affected by the method and rate
(47)
of loading. Neville considered the secant modulus to be
appropriate measure for comparing two concretes, the stronger 
concrete having a higher secant modulus than the weaker concrete.
In the results obtained in the investigation, the stress- 
strain curves usually contained a reasonable portion in which the 
relationship was linear. However, in order to standardise the
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interpretation of the data, the values of E have been calculated as 
the secant modulus at one third of the ultimate strength of the 
individual specimen and the corresponding values of Poisson's 
ratio have also been calculated at this stress.
6.5 2 In tension.
The specimens made for the study of the behaviour in 
tension were as shown in fig. No. 3. The central portion of 
the mould which was used to make these specimens was filled with 
dry lean concrete in a similar way to that adopted for beams. In 
order to confine the material, the ends were temporarily blocked 
by wooden spacers. The difficulty of the material moving laterally 
under compaction, away from the vibrating hammer, was also experienced 
as in the case of the beams. After compacting the central portion, 
the wooden spacers were removed carefully and the exposed faces 
roughened and chamfered, the loosened material being removed.
The two ends of the mould were then filled with a rich and workable 
mix which was compacted by means of an internal vibrator.
This technique was chosen since it was not considered 
feasible to compact dry lean concrete around the U ba.rs in the 
enlarged ends of the specimen without displacing them. The 
specimens were not Remoulded until 48 hours after casting in order 
to allow the composite specimen to attain sufficient strength to 
permit handling.
T h r e a d e d  ball
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The specimens were loaded in tension by means of a 
hydraulic jack. The load was applied through the U hooks cast 
in the ends of the specimens, a threaded ball bearing being used 
in an attempt to reduce the eccentricity of the load.
The load was applied by means of a hand operated 
hydraulic pump through a connector and a jack.' An identical 
jack, but transmitting compressive load, was connected to the 
same pump through the connector, and was used to compress a 
calibrated proving ring in order that the applied load could be 
measured. The flexible hose pipes through which the hydraulic 
pressure was transmitted to the jacks, from the connector, were 
made of the same length in an attempt to equalise the loss of 
pressure from the pump to the jacks and to the proving ring.
No attempt was made to cycle the specimen since the 
direct tensile strength of dry lean concrete was not known and 
the efficiency of the^  bonded interface was also unknown. The 
strains were measured by Demec gauges, the studs for which were 
fixed in the central 8 in. portion of the specimen thus reducing 
possible end effects due to intermixing of the dry lean and the 
conventional concrete.
The specimens were loaded in increments until failure 
occurred, the strains being measured with as little delay as 
possible.
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The strains indicated by the 8 in. gauges have also been
taken into consideration together with the strains measured by 4 in.
gauges to determine the stress-strain curve and the B values
calculated at one third of the ultimate stress.
An attempt was made to measure the lateral strains on a
2 in. gauge length but, as expected, the values showed considerable
scatter due to the lack of sensitivity of the gauges at small
strains and no attempt has, therefore, been made to determine
Poisson^ ratio in this case.
The specimens for stress-strain determination, both in
compression and in tension, were removed from the curing tank on
the day before test and surface dried prior to attach^ the studs to
receive the Demec gauges. The studs were stuck by using epoxy
resin glue (Araldite) and the specimens left at the laboratory
temperature for the adhesive to dry, and tested the following day.
Due to the setting properties of the adhesive it was not possible
to test the specimens immediately after removing from the curing
(42)
tank, as required by B.S. 1881
6.3 The dry density of specimens is defined as the weight
of solid material per unit volume, and has been calculated from 
their weights immediately after demoulding and from the nominal 
volume of the moulds.
The strengths have been quoted to the nearest 5 lb/in in
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discussing the values in the text.
During the process of testing some difficulty was 
experienced in applying low loads, on a 250 ton testing machine, 
and the load gauges on the machine were calibrated during the 
investigation. The tabulated stress values allow for the small 
error shown by the calibration.
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CHAPTER 7 
DISCUSSION OF EXPERIMENTAL RESULTS
7*1 Development of compaction technique.
Cylinders were compacted with 25, 50 or 100 blows of 
the Marshall hammer and, from each mix, cubes were carefully 
compac+ed to refusal as a control over the uniformity of the 
material. Thus the material in the cylindrical moulds was 
subjected to a controlled effort, the magnitude of which could 
be varied so as to produce specimens of a given density. The 
latter may be the density obtainable under field conditions of 
compaction by rolling or the density produced in cubes in which 
compaction to refusal is carefully maintained.
Results obtained are given in table No’s. 9 and 10 
and are plotted in figs. 4 and 5.
7.11 Discussion of results.
Although there is an appreciable scatter in the results, 
a general trend is evident, the dxy density increasing with 
increase in the number of blows. The tensile strength also 
increases with increased compaction. The apparatus used was 
designed to compact cylinders of inches height and for this 
reason the material was compacted in a single layer. It is 
possible that some of the scatter obtained can be attributed to
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Automatic Marshall hammer used for 
compacting cylindrical specimens.
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the single layer compaction since the chances of segregation 
occurring along the entire length of a plane in the cylinder 
with multilayered compaction is greatly reduced.
It is evident from tables 9 and 10 that the densities 
obtained by compacting specimens with 100 blows of the Marshall 
hammer are less than those of cubes compacted to refusal.
The average value of. dry density of the control cubes
is 139.2 lb/ft^ and published work suggests that the
field densities of the order of 95 to 97 per cent can be obtained 
under close supervision or rolling. Taking the value of 95 
per cent, a density of 132,2 lb/ft^ would be a possible value to 
aim at in the Marshall hammer test in order to standardise the 
number of blows. For the work repoHed this density could be 
achieved with 38 blows. This value requires confirmation for 
a greater range of variables such as aggregate type and mix 
proportions but meanwhile ii^  is considered that 40 blows is a
reasonable figure to recommend for site control.
(30)In a separate investigation, 2 layer compaction
producing specimens 5 in. high was used. This work suggested
that the desired density ratio of 95 per cent can be attained
with 25 blows per layer of approximately 2-g- in. height. These 
values cannot be compared directly because of the conditions 
for making specimens in the above mentioned investigation 
and in the present investigation were slightly different. The
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Marshall hammer used in the former was hand-held and hand-operated 
and the moulds for compaction were placed on a concrete floor, 
while in the latter case the Marshall hammer was automatic and had 
a standard teak block on which moulds were located for compaction. 
The compaction in the former was, as mentioned before, in two 
layers while in the latter case it was single layered.
It is, therefore, necessary, for field control, to 
specify the type of compaction, single layered or otherwise, and 
the height of the specimen.
An alternative approach is to base the compaction on 
strength rather than on density so that the specimens satisfying 
the density ratio chosen above, namely 95 per cent, and attain 
a strength of 130lb/ar?as shown in fig. Wo. 5. It is suggested, 
however, that both density and strength should be examined in 
control testing and in testing cores cut out of constructed bases.
It is necessary to develop this technique of the use of 
the Marshall hammer, for longer specimens, in order to get more 
representative results befori arriving at a definite conclusion.
7*2. Selection of mix moisture content.
Mixes were produced with free moisture content of 4, 
4-J-, 5 and 6 per cent of the total weight of air dried aggregates 
and cement. Cubes and beams were made from each mix and tested 
at an age of 7 days.
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The results are given in table No's. 11 and 12 and are 
plotted in figures 6, 7, and 8.
7*21 Discussion of results.
Figure 6 shows the cube and flexural strengths plotted 
against moisture content. The strengths increase with increase 
in the moisture content.
The scatter in some of the results as the optimum moisture 
content is approached can be explained, in part, by variations in 
the moisture absorbed by the aggregate* It was noticed that 
using the same moisture content, aggregate which was dried and 
stored in the laboratory gave a wetter mix than the aggregate which 
was freshly dried. Also in spite of every effort to keep the 
grading constant, a slight variation in the fine aggregate had a 
marked effect on the workability of the mix. The individual 
value of cube density for 4 per cent moisture content is plotted 
against the strength in figure 8. It oen be seen that the density
•2 7
of the majority of the cubes lies between 132 lb/ft and 138 lb/ft 
and the results of single cub'es falling outside this range have 
not been included in the average value.
The end parts of the beams following flexural testing were 
tested for equivalent cube strength. Considerable scatter of 
results, especially near the optimum moisture range, is presumably 
due to the difficulty experienced in compacting beams, thus giving
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non-uniform compaction and lower den si “ties than that of cubes as 
apparent from figure 7 and table 11. The lower densities explain 
the equivalent cube strengths being lower than the cube strengths in 
contrast to conventional concrete where as per B.S. 1881^^ the 
equivalent cube strengths may be higher by about 5 per cent or 
equal to the cube strength.
The beams were also tested for electro-dynamic modulus of 
elasticity before testing them for flexural strength. The results 
are given in table 11 and plotted in figure No. 7. It is reason­
able that the results follow the pattern of increase in strength 
with increase in moisture content^ reach an optimum value and 
decrease with further increase in moisture content.
No single optimum value is evident from the results plotted. 
For example on the basis of the maximum strength the value is about 
4-2 per cent but for flexural strength 4-4- per cent would be appropriate 
and for maximum dynamic modulus a figure of about 5 per cent is 
obtained. When, however, dry density is concerned the value is 
about 5-4 per cent. The value of the optimum moisture content, 
therefore, lies between 4ir and 5-2 per cent. However, as stated
before, in order to get sealed surfaces on the specimens, a free 
moisture content of 5jr per cent was used in the investigation.
7.3 Modulus of elasticity in compression.
The modulus of elasticity was determined in compression
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PLiiTE NO. 2 
A typical specimen after testing in 
compression for modulus of elasticity'-.
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on a number of specimens. For the majority of the specimens 
strains were measured with 1 ton as an initial load and the 
stress-strain curves drawn. The results are given in tables 
13 to 35. The stress-strain curves of the earlier investigation
(30)
were drawn taking zero as the origin, and have been corrected 
accordingly, and the E values recalculated, a summary of which 
being given in table 4.
Every effort was made to measure strains up to a load as 
near the ultimate load as possible. Strains corresponding to 95 
per cent of the ultimate load have been calculated and are given 
in tables 13 to 35* Values at lower proportions of the ultimate 
load are given in some cases, as it was not always possible to 
measure strains at 95 per cent of the ultimate load and in these 
cases values of strains at 95 per cent of the ultimate load have 
been obtained by careful extrapolation.
7.31 Unmodified drv lean concrete.
The specimens made were tested at either 7 days or 28 
days. The results are given in tables 13 to 17 and figure No. 9 
shows a typical stress-strain relationship. In support of these 
results, a summary of results obtained in an earlier investig-
(-XT))
ation is given in table 4 and these have been included in
the average values quoted since the same material and mix propor­
tions were used.
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Discussion of results.
The average modulus of elasticity was found to be
3.62 x 10^ lb/in^ at 7 days and 4.06 x 10^ lb/in^ at 28 days.
Williams reported single tests on the stress-strain
relationship of dry lean concrete at 41 days, using mix proportions
of 16:1 with Thames Valley gravel aggregate. These values are
at a load of one third of the ultimate load of the specimen. The
values obtained in this investigation are of the same order as that 
(14)of Williams . Furthermore, the values are in the range 
expected from conventional mixes and suggest that dry lean concrete 
bases are likely, in this respect, to behave as a rigid rather than 
a flexible form of construction. This conclusion is supported 
by the fact that the flexural strengths, measured on specimens in 
this investigation and discussed later, are quite substantial.
7.32 Dry lean concrete with bitumen emulsion.
Tests were carried out to study the effect of replacing 
part of the mixing water with bitumen emulsion. The aggregate/ 
cement ratio, aggregate type and grading used were not altered, 
and the investigation was limited to a study of the effect of 
replacing 10 and 20 per cent of the mixing water with emulsion.
In so doing, the total fluid content (i.e, bitumen emulsion plus 
water) was maintained at the value of 5y per cent as used in the 
unmodified or control mixes in an attempt to preserve workability
at about the same order.
A number of specimens were tested in compression. The 
results are given in table no1s. 18 to 30, and typical stress-strain 
relationships are shown in figures 10 and 11.
Discussion of results.
The stress-strain behaviour of diy lean concrete with
emulsion was found to be similar to that without emulsion, the
modulus with 10 per cent emulsion being 4.46 x 10^ lb/in^ at 7 days 
6 2
and 4.85 x 10 lb/in at 28 days. The corresponding values
/ O
with 20 per cent emulsion are 4.15 x 10 lb/in at 7 days and 
4.75 x 106 \bfin2 at 28 days.
The E values recorded for specimens tested in the early 
stages of the investigation are slightly higher than those at 
later stages, as can be seen from table 4, which might have been 
due to a slight but progressive separation of the emulsion during 
storage, although the contents of the drum were stirred vigourously 
before use. In general, however, the E values with emulsion are 
slightly higher than the corresponding values for unmodified dry 
lean concrete. It is suggested that this may be explained in 
part by the slight increase in workability and in cohesiveness, 
which in fact resulted from the part replacement of mixing water 
with emulsion, thus improving compaction and bringing the aggregate 
particles into closer contact (the effect of emulsion on the
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workability has been discussed separately). It is generally 
agreed that the E value of concrete is greatly influenced by the 
type of aggregate used. In particular, the Road Research Labor­
atory states that the modulus of elasticity of concrete
increases with the age and is affected appreciably by the mix 
proportions; as the aggregate has a higher elastic modulus than 
the cement paste, for a given water/cement ratio, leaner mixes have 
a higher E value than richer mixes#
It is observed, however, that the addition of 20 per 
cent of bitumen emulsion brings about a smaller increase in E 
value than is the case with 10 per cent. It is considered that 
this apparent anomaly can be explained by the appreciable increase
in workability which was detected with the 20 per cent addition
and thus, on a Proctor anology, detracted from the favourable 
packing achieved with the 10 per cent addition. Some support 
to this explanation is obtained from the densities measured on 
cubes compacted to refusal. A further possible .explanation is 
that the higher quantity of emulsion may be directly influencing 
the E value of the composite material, the B value of the bitumen 
in the emulsion being low in comparison with that of either the 
aggregate or the cement paste.
7.34 Pry lean concrete with nrecoated aggregate.
The effect of precoating the coarse aggregate was studied.
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The mixes were identical to those used for unmodified dzy lean 
concrete and with bitumen emulsion. Specimens were made by 
using either bitumen-coated or tar-coated aggregate but more 
emphasis was laid on the former and it facilitated comparison 
with dry lean concrete containing bitumen emulsion.
The results are given in table Nofs. 31 to 35 and a typical 
stress-strain relationship is shown in figure No. 12.
Discussion of results.
The stress-strain relationship was found to be generally 
linear up to about one third of the ultimate load, beyond which 
rapid increments in strain were observed especially as the failing 
load was approached. The specimens made by using coarse aggre­
gate pre-coated with tar showed a similar type of behaviour.
The E value using bitumen coated aggregate was 2*32 x
106 Vo/lr? at 7 days and 2.39 x 10^ lb/in^ at 28 days, the cor-
6 2responding value for tar coated being 1*64 x 10 lb/in at 7 days.
The lower E values obtained with precoated aggregates are attributed 
to the reduction in bond between the coarse aggregate and the matrix. 
The single specimen tar coated aggregate results in a lower E value 
and this may be due to the lower viscosity of tifae tar binder.
7*4 Modulus of elasticity in tension*
Single specimens of dzy lean concrete without emulsion, 
with 10 per cent emulsion, with 20 per cent emulsion, and with
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■bitumen coated aggregate were tested in direct tension. The 
results obtained are given in table No's. 36 to 39. Figure No.
13 shows a typical stress-strain relationship. The specimens were 
not cycled as the direct tensile strength was not known. The 
strains developed were, as would be expected, of a very small 
order, and with the use of a demountable mechanical gauge, were 
prone to considerable scatter.
7.41 Discussion of results.
Due to scatter in the strain measurements, the inter­
pretation of the stress-strain data presents considerable diff­
iculty and the. values quoted provide no more than an indication 
of the behaviour in tension. On this basis the E values at 7
days for unmodified, with 10 per cent emulsion, with 20 per cent
6 2emulsion and with bitumen coated aggregate are 2.4 x 10 lb/in ,
2.25 x 10^ lb/in 2.21 x 10^ lb/in^, and 1.66 lb/in*\ respect­
ively.
These results indicate that the effect of introducing 
bitumen, either in the form of emulsion or as a coating, is to 
reduce the E value in tension. This difference in behaviour in 
comparison with values in compression is attributed solely to 
reduced bond.
From the limited number of tension tests carried out, 
it appears that the E values in tension are appreciably lower than
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the E values in compression. The need for more detailed work on
this aspect is emphasised, especially in view of the significance
of elastic properties in tension in relation to cracking induced
by dimensional changes or by wheel load effects.
(47)Neville suggested that the moduli of elasticity in 
tension and in compression have generally the same value, while 
Evans and Bennett are of the opinion that the modulus of 
elasticity in tension is between 0.85 and 1.10 of the modulus in 
compression. Due to the higher workability of conventional 
concrete, it is possible to achieve satisfactoiy compaction and 
thus good bond between the aggregates, but this presents more 
difficulty with dry lean concrete. For this reason, the E value 
is likely to be lower in tension than that in compression for this 
type of material.
7*5 Dynamic modulus of elasticity.
The dynamic modulus of elasticity was found by using the
(42)
electro-dynamic technique, as specified in B.S. 1881 , using
4 in. x 4 in. x 20 in. beams.
7.51 Discussion of results.
The results are given in table No's. 40 to 45 and plotted 
in figure No. 15. The results show that the dynamic modulus 
increases with age at test, the rate of increase being more 
pronounced at early ages.
TABLE NOV 4 
SUMMARY OP E VALUES
(For each condition of mix)
Unmodifi 3d With 1Jfo emulsion
Specimens
No.
E at 
7 days
lh/in2 
x 106
Specimen
No.
E at 
28 days
lb/in^ 
x 106
Spe cimen 
No
E at 
7 days
lb/in2 
x 10®
Specimen
No.
E at 
28 days
lb/in2 
x 106
Specimen
No.
1/7
10 >1 
24/l
FFom Ref. 
No. 30 
Average
2.75
3.96
4.14
(3.39
(3.65
3:62
1/8
10/8 
Btom Ref. 
No. 30
4.30
5.28
(3.85
(2.82
4.06
11 /7
' 14/7  
55/4  
57/7
5.35
4.91
3.96
3.61
4*46
11/8
14/8
57/8
5.04
5.01
4.51
4.85
13/7
15/7
58/7
Specimen
No.
With hiturn
E at 
7 days
lb/in2 
x 106
3n coatbd aggre
Specimen
No.
gat©
E at 
28 days
ib/±v
x 106
With tar c<
aggreg;
Specimen
No.
)ated 
ite 
E at 
7 days
lb/in2 
x 106
35/4
36/4
Average
2.05
2.59
2.32
37/4 2.39
2.39
32/4
33/5
1.72
1.56
1.64
___
Note: For the 
cubes see
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The dynamic E values obtained are plotted against the 
static E values in figure No. 16. An empirical ralation, also 
shown plotted in the figure, was suggested by Jones  ^ and is 
as follows:
Ejj X 106 = (Eg + l) X 106
where Ej) = dynamic modulus of elasticity in 
lb/in 2 x 10 - 6
Eg = static modulus of elasticity in 
lb/in2 x 10 “6
(49)
However, Jones emphasised that this relationship 
may differ with different types of aggregates. Elvery has 
suggested a relationship, based on published evidence, and this is 
also shown plotted in figure No. 16. The results obtained in 
this investigation are shown to be in broad agreement with these 
relationships.
This agreement suggests that the relatively straight­
forward electro-dynamic procedure is a reliable indication of the 
behaviour under compression and since the latter presents more 
difficulty in measurement and in interpretation, the continued 
use of the dynamic approach is recommended. This is especially 
appropriate for studies of the effect of wheel loading although 
the static value may be more appropriate for assessing the effects 
of dimensional changes.
7*6 Poissonf8 ratio in compression.
In order to investigate Poissonfs ration the lateral 
strains, of specimens tested for modulus of elasticity, were 
measured by means of a Demec gauge.
The resalts are given in table No's. 13 to 39, and 
typical relationships are plotted in figures 9 to 12.
7*61 Discussion of results.
The lateral strains generally increased in a relatively 
linear manner with increased loading. As the ultimate load was 
approached, however, the lateral strains increased rapidly, 
presumably due to the formation of cracks within the gauge length*
The average values of Poisson's ratio obtained are 
summarised below:
Type of dry loan 
concrete
Poisson’ 
at 7 days
s ratio 
at 28 days
Unmodified 0.19 0.16
With 10$ emulsion 0.21 0.18
With 20$ emulsion 0.19 0.22
With pre-coated 
aggregates 
i) Bitumen coated 0.21 0.19
ii) Tar coated 0.26
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These values are -within the range associated with
conventional concrete ^6), According to the Road Research
Laboratory the Poisson’s ratio generally decreases as the
modulus of elasticity increases. The Poisson’s ratio for
dry lean concrete with emulsion, however, seemsto be slightly
higher than the corresponding value for unmodified dry lean concrete 0
Jones associated higher values of Poisson’s ratios with
incompressible materials. The slight increase in workability
and in cohesiveness, due to emulsion, resulting in improved
compaction might explain the incompressibility of diy lean
(47)
concrete with emulsion. Neville,. , however found no reliable 
information on the variation in Poisson’s ratio with age or other 
properties of concrete, and clearly more defined work is required 
in this topic.
7*7* Tests on supplementary specimens.
During the production of prisms for studying the elastic 
properties of dry lean concrete, unmodified, with emulsion aad by 
pre-coating aggregates, cubes, beams and cylinders were also prepared 
and tested. The results are discussed below*
7*71 Compressive strength of cubes.
7.711 Unmodified dry lean concrete.
The results of tests on 4 in. cubes, compacted to refusal 
and tested in accordance with B.S. 1881 are given in tables
100
44 and 45.
The average value of the 7 day crushing strength was 
2
found to be I960 lb/in , the corresponding value at 28 days being 
2675 lb/in , Preliminary tests carried out in an earlier invest­
igation with aggregates from the same source, with the same delivery 
of cement a'id with identical mix proportions gave an average of 7 
day strength of 1810 lb/in^. This slight difference in strength 
reflects the experience gained in compacting specimens by vibration 
under pressure, a technique greatly depending upon the effort 
applied by the operator. It is considered that considerable 
variation in technique is likely to exist between sites and largely 
explains the wide difference in strengths reported on
nominally similar mixes*
Williams investigated the relationship between cube 
crushing strength and aggregate/cement ratio also using Thames 
Valley gravel aggregate but from a different source, and the 28
strength corresponding to the aggregate/cement ratio used in this
o
investigation was quoted as 2800 lb/in • The results obtained
(14)are therefore in close agreement with values given by Williams
7*712 Pry lean concrete with bitumen emulsion.
The results are given in tables 46 and 47 and also 
summarised below. The strengths are also quoted as percentages 
of the corresponding values of unmodified dry lean concrete*
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Type of dry 
lean concrete
Cube compressivg 
strength (lb/in )
Cube compressive 
strength as per
cent of the cor­
responding 
strength of 
unmodified dry 
lean concrete
at 7 days at 28 days at 7 days at 28 days
Unmodified I960 2675 100 100
With 10% 
emulsion 1670 2420 85 90
With 2($ 
emulsion 1630 2305 83 86
Thus the effect of introducing bitumen is to reduce the 
strength of diy lean concrete in contrast with the effect on the
elastic properties, where a slight increase in the E value was
■ f
observed and has been attributed to the improved contact between
aggregate particles. The reduction of strength, however, could
\
be due to dispersion of emulsion evenly in the matrix and around
the aggregates thus reducing the bond between them* No information
has been published on the effect of emulsion on the strength of
(5l)dry lean concrete but Wright found that the addition of one 
or two amounts of emulsion to conventional concrete reduced the 
strength at 28 days in each case to 89 per cent of that of the
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control mixes. This value is close to the values obtained in this 
investigation.
7.713 Dry lean concrete with pgg-coated coarse aggregate.
The results are given in tables 48 and 49. The average
crushing strength of dry lean concrete using bitumen-coated coarse
2 2 aggregate -was found to be 1040 lb/in at 7 days and 1120 lb/in at
28 days. The crushing strength with tar-coated aggregate was
1030 lb/in^ at 7 days.
The strengths are reduced to approximately 50 per cent
of the strength of unmodified dry lean concrete; this is attributed
to the loss of bond between the coarse aggregate and the sand-
cement matrix. The admissability of the strengths reduced to
this extent is discussed later in the thesis.
7.72 Prism crushing strength.
The ultimate strength of prisms, tested for E values in 
compression, was recorded and produced in table 50. These values 
are prone to greater variation than the strength of control specimens 
owing to the varying degree of drying out between successive specimens 
dependent on the duration of the strain measurements.
The relationship between cube strength and prism strength, 
plotted in figure No. 17, is practically linear with a slope of 
0.72. This compares satisfactorily with the correction factor 
of 0.75 given in B.S. 1881 for converting the strength of
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cubes into equivalent strength of a cylinder of a height/diameter 
ration of two.
7.73 Flexural strength.
Beams were made and tested in accordance with B.S. 1881
(42)
for flexural strength, except that they were tested with the 
trowelled face vertical and not as cast, as stated before. The 
results are given in table 51.
7.731 Unmodified dry lean concrete.
The average flexural strength was found to be 215
A
lb/in at 7 days with the corresponding 28 days strength of 
265 lb/in^. Williams suggested an approximate ralation
between compressive and flexural strength for Thames Valley 
aggregate which is as follows:
f* - j, f0 + 50 ------- (X)
where is the flexural strength of 4 in. x 4 in. x 20 in.
beams loaded at y  rd points in lb/in «
and fc is the compressive strength of cubes in lb/in^.
2
For the average compressive strength of 2675 lb/in obtained at 28 
days in this investigation, the corresponding flexural strength 
from equation (i) would be approximately 295 lb/in . The small
o
difference, namely 30 lb/in , can readily be explained by slight
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differences in aggregate type and possibility in compaction 
techniques,
7.752 Dry lean concrete with bitumen emulsion.
The average flexural strength of dry lean concrete with
2
10 per cent emulsion was found to be 250 lb/in . at 7 days and
500 lb/in^. at 28 days 4 The corresponding values with 20 per cent
2 2 emulsion are 250 lb/in . at 7 days and 280 lb/in . at 28 days.
In general, the flexural strength with emulsion is
higher than the corresponding values for unmodified dry lean
concrete. It is suggested that this may be explained by the
slight increase in workability and thus improving compaction.
Another suggestion is that the bitumen in the emulsion, due to
its binding properties might have increased the flexural strength
to some extent. It is, however, observed that the flexural
strength with both 10 and 20 per cent emulsion is essentially the
same.
(5l}Wright investigated the effect of bitumen emulsion
on the flexural strength of conventional concrete and found a
reduction, to 88 per cent with 5 per cent and to 90 per cent with
6 per cent emulsion, as compared to concrete without emulsion.
(5l)Wright also reported a decrease of 0.01 in the compacting factor
due to 6 per cert emulsion, while 3 per cent emulsion had no effect. 
This suggests that the emulsion had virtually no effect on the work-
106
ability of the concrete, as measured by the compacting factor 
apparatus, while, as discussed later, the emulsion in dzy lean 
concrete increased the workability and enabled higher densities 
and thus the flexural strength to be achieved.
The effect of increased workability was not apparent in cubes, 
as the material was compacted in confined moulds thus attaining 
densities within a closer range and not significantly showing the 
effect discussed above.
7.733 Dry lean concrete with pro-coated aggregates.
The flexural strength of diy lean concrete with bitumen 
coated aggregate was found to be 130 lb/in^ at 7 days and 155 
lb/in^ at 28 days. The reduction in strength is attributed to 
the loss of bond between the aggregate and the matrix. It is, 
however, interesting to note that the flexural strength is still 
quite appreciable and is likely to impart a reasonable measure 
of rigidity to road bases made with this type of material.
7.74 Equivalent cube strength.
The two ends of the beams tested for flexural strength 
were used to determine the equivalent cube strength. The results 
are given in table Wo. 51 and shown in figure No. 18.
The equivalent cube strengths of dry lean concrete, 
unmodified, with 10 per cent emulsion, with 20 per cent emulsion
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2and with bitumen coated aggregate were found to be 1450 lb/in ,
1485 Vo/ix?, 1590 Vo/lr? and 710 lb/ir? respectively at 7 days.
2 2The corresponding values at 28 days were 1880 lb/in , 2335 lb/in ?
2 21995 lb/in and 920 lb/in . respectively. The beam densities 
are shown plotted in figure No. 18.
The introduction of 10 per cent emulsion tends to 
increase the equivalent cube strength at 7 days while 20 per cent 
causes a reduction. At 28 days the emulsion increases the 
strength which may be due to the improved workability thus 
resulting in higher beam densities.
7.75 Indirect tensile strength.
The indirect tensile strength was measured for the 
various mixes on cylinders compacted with 50 blows of the Marshall 
hammer. The results are tabulated in table 52 and reproduced in 
table 5.
As the compaction technique, mentioned in the earlier
part of this thesis, was under investigation while the indirect
tensile tests for various mixes were carried* an arbitrary number
of 50 blows was chosen in order to make a comparative study of the
tensile properties of the various mixes.
The average indirect tensile strength of diy lean concrete
with 10 per cent emulsion, 20 per cent emulsion and with the use of
2 2
precoated aggregate was found to be 110 lb/in , 125 lb/in , and
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85 Vo/ix? respectively. From table 9 the corresponding indirect
2
tensile strength of unmodified dry lean concrete was 155 lb/in . The 
corresponding average dry densities for unmodified diy lean concrete, 
with 10 per cent emulsion, with 20 per cent emulsion and with pre­
coated aggregates were 133 lb/ft^, 135 lb/ft^, 132 lb/ft^, and 
130 lb/ft5,
The indirect tensile strength, therefore, decreases with 
the addition of bitumen, either in the form of emulsion or as a 
coating on the coarse aggregate. The decrease with 10 per cent 
emulsion is more pronounced than with 20 per cent, an effect 
similar to the flexural strength and it can be explained in the 
same way. The indirect tensile strength with pre-coated aggre­
gate is reduced, presumably due to the loss of bond with the 
aggregates.
7.76 Workability.
In the earlier work on diy lean concrete containing 
emulsion, the proportions were determined by replacing a selected 
percentage, namely 10 or 20 per cent, of tie mixing water with 
emulsion. Thus in the series of tests in which the water content 
was a variable, the amount of bitumen emulsion also varied. In 
addition, however, a limited number of tests were considered 
necessary in which the emulsion content remained constant and 
this was achieved by. proportioning the emulsion as a fraction by
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weight of the aggregate in the mix. Two series of mixes were 
produced, the first with an aggregate/emulsion ratio of 100:1, the 
second with an aggregate/emulsion ratio of 50:1, the proportions being 
by weight. Mixes were produced over a range of water content.
The results are given in table 55 and some of them are 
plotted in figure No, 19 from which it can be seen that as the 
amount of emulsion increases the crushing strength decreases. An 
optimum strength is obtained in each case, however, at lower 
emulsion contents which is attributed to the increased workability 
and cohesiveness developed by the emulsion.
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CHAPTER 8
OVERALL INTERPRETATION OP THE EXPERIMENTAL DATA 
IN RELATION TO CRACK BEHAVIOUR
8.1 General Considerations.
The main experimental resalts obtained in this 
investigation have been discussed in detail in the previous section 
of the thesis. However, in order that the susceptibility of dry 
lean concrete bases to cracking can be considered an overall 
assessment of certain contributoiy factors is required.
The incidence of cracking is dependent upon a number of 
factors and especially upon the effects of temperature variation, 
shrinkage and the application of wheel loading. A crack will 
occur when either the induced stress exceeds the strength or the 
strain exceeds the strain capacity of the material.
The results obtained have, therefore, been considered 
in this section under the headings: strength, modulus of elasticity
and strain capacity. The main results are summarised in table 5.
In order to provide some indication regarding the 
acceptibility of the values in terms of resistance to the effects of 
wheel loading, a further section is included in which estimate is 
made of the stresses induced in a rigid base by a typical wheel 
load.
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8,11 Strength.
It was found that the introduction of bitumen, either as
an emulsion or as a coating to the coarse aggregate, reduces the
compressive strength of diy lean concrete; the reduction being
especially pronounced with pre coated technique.
It is suggested that the reduction in strength of dry
lean concrete might, to some extent, reduce the tendency towards
(ir) (
cracking. Reports on roads constructed with dry lean
concrete bases have shown that leaner mixes are less susceptible
(52)
to cracking. Harris suggested that for semi-flexible
pavements, although it is economical from the stand point of
thickness to provide high strength, cement and sand-shell mixtures
2showing ultimate compressive strengths between 200 lb/in and 
21200 lb/in will not exhibit cracking tendencies requiring joints. 
The strength can be effectively reduced by the use of precoated 
aggregates. It is further suggested that the range within which 
the strength is required can be controlled by the proportion of the 
pre-coated aggregates within a fixed aggregate/cement ratio. The 
use of pre-coated aggregates changes the modulus of elasticity 
as well and is discussed in the next section.
On the bases of flexural strength, the introduction of 
either amount of bitumen emulsion.causes a slight increase in
(35) *strength. Mine , however, found no advantage m  using
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bitumen emulsion so fax as performance of such diy lean concrete 
is concerned and the results obtained in this investigation offer 
some support to the finding. However, when pre-coated aggregate 
is used a significant reduction is caused in both compressive and 
flexural strengths which might prove to be advantageous.
8.12 Modulus of elasticity.
It was found that the E values increase slightly with
the addition, within the range investigated, of bitumen emulsion
and decrease significantly with the use of pre-coated aggregate.
(5l)
Wright suggested a low elastic modulus as a means
ox xhicirg cracking in conventional concrete. Sparkes and 
^53)Smibn ' also considered that concrete with low elastic modulus 
might help to reduce cracking ■ since relatively large movements 
in the material induce only low stresses. In an attempt to 
compare the resistance of various mixes to cracking it was decided 
to compare the stresses induced at strain value of 0.05 per cent.
In selecting this value, the strain effect of shrinkage due to 
seasonal temperature gradient was taken into account. The stress 
induced in dry lean concrete with emulsion is almost of the same 
order as in unmodified dry lean concrete.. However, with 
bitumen coated aggregate there is an appreciable reduction in stress. 
In table 5 the values of the modulus of elasticity determined by 
electro-dynamic method, by loading tests and on an arbitrary
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chord value based on strain at 80 per cent of the ultimate load 
are given. In all cases, the general pattern is that the intro­
duction of emulsion brings about a small increase in the E value 
whereas the use of pre-coated aggregate results in a substantial 
reduction in the E value.
Quite apart from its immediate application for diy lean 
concrete the suggested pre-coating, some or all of the coarse 
aggregate, offers a means of producing material at a particular 
E valuer.
8.15 Strain capacity.
The incidence of transverse cracks presents a serious
objection to the use of the material as a road base. Surveys
(4,1 -.14) (20) (32) roa(jg in(iicate that cracking results mainly 
#
due to the effects of dimensional changes rather than the effect 
of wheel loading. Thus dry lean concrete having increased 
strain capacity might accommodate a given deformation with reduced 
cracking. It was therefore necessary to assess the strain 
capacity of dry 1-Qan concrete and in particular to examine the 
effect of introducing bitumen either as emulsion or as pre-coating.
Strains at failure are difficult to measure and are ill 
defined. Furthermore the extent to which the measured 
deformation is a true strain rather than the measurement of 
strain and crack width confuses the interpretation of data. For
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this reason in table 5 strains are tabulated for each mix condition, 
based on the average determination on individual specimens, at 95 
per cent of the ultimate load; However, because this involved 
extrapolation and hence a possibility of error in some cases,' 
strains at 80 per cent of the ultimate load are also tabulated.
Strains at 95 per cent of the ultimate load show that the 
introduction of bitumen emulsion reduces the strain capacity 
resulting from the increased E value discussed earlier in the 
thesis. with pre-coated aggregate, however, a marked increase 
in strain capacity is obtained and therefore, this technique 
clearly produces a more ductile material and merits detailed 
investigation and a study of its behaviour in experimental road 
base*-. In fact, it is only from the latter approach that 
truly significant information can be obtained.
The above discussion applies to strain measurements in 
compression and a comparable study of specimens in tension is 
necessary in order that firm conclusions may be drawn. The 
limited tensile tests reported in this thesis suggest that the E 
value in tension is lower than in compression and especially so in 
the case of pre-coated aggregates.
(5l)Taking into account the suggestions by Wright 7 and 
(53)by Sparkes and Smith v 7 that reduced cracking is likely to 
result from low elastic modulus, the use of pre-coated aggregate
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has brought about substantial decrease in the E value and a sig­
nificant increase in the strain capacity.
A study of the strains at 80 per cent of the ultimate 
loads for each type of mix supports this conclusion when 7 days 
results are considered but this is not the case for the 28 days 
results. If, however, cracks are induced by temperature and . 
moisture changes the improved ductility at early ages might well 
be more relevant.
It is suggested that if the lateral strains are considered 
to be indicative of the behaviour in tension then for a given 
applied stress the lateral strains are very much greater in the 
case- k pre-coated aggregates.
8.14 Implications regarding whe^l loading.
The considerable reduction of strength of dry lean 
concrete, when pre-coated aggregates are used, suggests the need 
to examine the resistance of bases to the stresses induced by wheel 
loads. This thesis is a study of the properties of materials 
and does not aim to offer a theoretical approach towards the 
calculation of stresses induced in dry lean concrete bases under 
wheel loads. It is necessary to consider a pavement as a three 
layered elastic qystem, for which Jones has produced tables 
for the calculation of stresses. However, due to their limit­
ations regarding the thickness of the layers and E values it was
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decided to use the Westergaard formulae, in principle,
for estimating the stresses*
A single wheel load of 12000 lb and a tyre pressure 
2of 80 lb/in has been used in this study, the values being based
(55)
upon data from the Road Research Laboratory ' and representative
(38) (39)of severe loading conditions. Since the Westergaard
analysis only conditions the behaviour of concrete road slabs,
the contribution of the surfacing above the dry lean concrete base
has been allowed for by assuming an angle of spread of 45°, based
(12)on a suggestion by Watson v , as shown in figure No, 20.
The following formula was used for computing the stresses 
for -'.Vi interior loading condition,
S{ 1 ( § £ } ' 5 4 -54 (r &  " ----------- ®
For the edge loading condition'the Westergaard formula, 
with the empirical modifications suggested by Teller and Suther­
land was used and is as follows:
where ^^-0
£* - Maximum tensile stress in the road base at the bottom
at an interior location, directly under the centre of the
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2applied load, in lb/in •
/ = Maximum tensile stress in the road base at the bottom
“e
2along unbroken edge, in lb/in •
2E a= Modulus of elasticity of the road base, in lb/in .
^  = Poisson's ratio (denoted as M in tables 54 to 8l)
2
k  = Modulus of subgrade reaction, in lb/in /in. (denoted
as K in tables 54 to 8l). 
h Thickness of the road base, in .-inches (denoted as H
;i:i tables 54 to 81).
R = Total load exerted by one wheel, in lb.
Qu - Radius of circular area over which load is considered
\
to be uniformly applied, in inches. 
b  rs Equivalent radius of contact, in inches.
ss \jl,6a^ + h^ - 0.675h when a is less than 1.724 h.
” ,f u greater M ”
— ----—— - = Radius of relative stiffness.
Z. — Ratio of reduction of the maximum deflections
L = The maximum radical distance from the centre of the
load application within which a redistribution of 
subgrade reactions is made.
I / r/X
As suggested by Teller and Sutherland the following
values were used : Z = 0,2 and^ = 0.5x 1
The stresses have been determined using a programme
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prepared for a 11 Ferranti Sirius" computer and takes account of 
thickness of surfacing, thickness of base, elastic properties of 
base and the modulus of sub-grade reaction of the supporting sub­
grade or sub-base and are given in the appendix to this theses, 
in tables 54 to 81.
Considering the,case of a motorway having a 10-inch
6 t 2
layer of dry lean concrete with an E value of 5*5 x 10 lb/in
2and a modulus of sub-grade reaction of 600 lb/in /in, the induced
tensile stress due to the wheel load considered is 92 lb/in for
interior loading condition aid 190 lb/in for the edge loading
6 2condition. A reduction in the B value to 2 x 10 lb/in reduces
2 / 2the x-rresponding tensile stress to 87 lb/in . and 180 lb/in . 
respectively. The corner loading condition will increase the 
stress slightly but this condition is unlikely to occur. The 
maxicacii tensile stress for interior loading condition appears to 
be safe for unmodified dry lean concrete as well as with the use 
of pre-coated aggregate. The maximum tensile stress induced 
due to edge loading condition is 190 lb/in^. The 28 days 
flexural strength, of unmodified diy lean concrete, of 260 lb/in 
allows a factor of safety of only 1.57. Making some allowance 
for the reduced compaction attainable under field conditions, 
this factor will be reduced further and thus cracking may theoret­
ically occur under the edge loading condition. This assumes 
of course that the edge load condition can be reached.
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As mentioned earlier, Wright ' considered the methods of 
pavement design for roads with diy lean concrete bases to be quite 
satisfactory and found that roads with cracks in the surfacing are 
continuing to perform satisfactorily. Fine cracks are likely
to limit the stress to the interior load condition but wide cracks 
and lack of load transfer at construction joints are likely to 
approach the edge load condition* It is important to note that 
these bases without any surfacing, withstand construction traffic 
as little as 7 days after construction. It is, therefore,
suggested that the assumptions made for calculating the stresses 
under edge loading condition are conservative and stresses of the 
calculated order are not normally developed.
TABLE. Ho.*... ,5
SUMMARY OE RESULTS
Type of 
Concrete
— i- - - - - - - - - - - - -
Cube
Strength
(lb/in2)
Prism#
Strength
(lb/in2)
Plexural
Strength
(lb/in2)
i
Indirect 
tensile 
strength 
(50 blows 
of Mars­
hall hammer) 
(lb/in^)
Stress 
to prod­
uce O.05? 
strain
(lb/in2)
Dynamic
Modulus
(lb/in2 
x 10^)
St
Me
(1
2
Unmodified I960 1450 215
At 7
130
days
1200 4.61 2s
With 10$ 
Emulsion 1670 1265 245 110 1165 5.04 A
With 20$ 
Emulsion 1630 1195 250 125 1110 4.73 1
With Bitumei
Precoated
Aggregate
L
1040 760 135 85 560 3* 80 rc
AT 28 BAYS
Unmodified
2675 1915 265 - 1450 5.03 I
With 10$ 
Emulsion 2420 1785 295 - 1595 5.49 i
With 20$ 
Emulsion 2305 1495 280 - 11425 5.18 i
With Bitume]
Precoated
Aggregate
1120 780 155 - 64O 4.26 ;
12^5
C O N C L U S I O N S
The results obtained in this investigation have been 
discussed in the previous chapters and the following are considered 
to be the main conclusions:
1. The compaction of specimens by vibration under pressure
proved to be satisfactory although the technique resulted in
different degrees of compaction in certain specimens, especially 
beams.
2. The use of the Marshall hammer showed considerable
promise as a means of reducing variation in compaction, and 
largely obviated operator variable in the pressure applied in 
the vibrating hammer technique. Although further work is 
required to develop this technique, it is suggested that control 
test specimens of 4 in, diameter and about 2? in. height can
be made by giving 40 blows in order to produce densities of 
about 95 per cent of the densities obtained on cubes compacted 
to refusal.
5. Static loading tests have shown that diy lean concrete
has a substantial modulus of elasticity in compression and the 
values are supported by electro-dynamic' tests. Limited tests 
suggest that the modulus of elasticity in tension is appreciably 
lower.
The effect of introducing bitumen emulsion into the mix
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is to cause a slight increase in the E value but when 
pre-coated aggregates are used, the value is substantially 
reduced.
A
4. Compressive strengths of the order' of I960 lb/in at 
7 days and 2675 lb/in^ at 28 days have been obtained on the 
mixes examined. However, these are reduced when bitumen 
emulsion is incorporated in the mix. Furthermore, they are 
greatly reduced when pre-coated aggregate is used. Corresp­
ondingly, although the flexural strength is increased by the 
emulsion, the pre-coating causes an appreciable reduction.
5. The equivalent cube strength test cannot be recommended
for use on dry lean concrete since lower densities and, therefore, 
lower strengths are generally attained in beams.
6. Although the use of bitumen emulsion increased the 
workability of the lean mixes and reduced the compressive 
strength, it had the effect of improving compaction and led
- to increased E values and increase in flexural strength. It 
is thus unlikely to provide an answer to the crack problem and 
further work in this direction is not recommended.
7* However, when the bitumen is concentrated around the
coarse aggregate, substantial reductions in compressive strength,
in flexural strength and in B value are achieved together with
a significant increase in ductility. . Thus it is considered
that this modification shows considerable promise and further 
work, especially field trials, is recommended.
RECOMMENDATIONS FOR FUTURE WORK,
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The investigation reported in this thesis is confined to 
a single aggregate/cement ratio, a single grading and to one 
type of aggregate. Information is required for various 
aggregate/cement ratios, gradings and types of aggregates.
It is also necessary to develop further the compaction 
technique using the Marshall hammer.
The use of electrical strain gauges for dry lean concrete, 
especially on ■wet specimens, merits study in order to reduce 
the time factor in measuring strains so as to minimise creep 
effects.
More information is required on the tensile properties 
of dry lean concrete. The use of more sensitive gauges so 
as to facilitate the measurement of the small strains involved 
is recommended.
A more comprehensive investigation of the use of the pre­
coating technique, including a study of the effect of different 
thicknesses of coating, various aggregate/cement ratios and 
coating different proportions of the aggregate, with a view 
to obtaining increased ductility without sacrificing strength 
is considered worth while.
The pre-coating technique may also be of value in con­
ventional concrete and coatings of materials such as resin 
merits investigation.
127
R E F E R E N C E S
1) Mercer, J. -: Use of rolled concrete in road construction.
Contractors Record, 4th July 1956.
2) Anon, -j Leicester experiments with lean-mix concrete.
The Surveyor, 5th September 1953. Vol. 112. No. 3209.
p.p. 600-601.
3) Beckett, J.L. -s Concrete roads on housing estate.
Paper No. VI to the International Concrete Road Congress 
in Rome. October 1957.
4; Wright, P.J.F. A survey of roads constructed with
lean concrete bases. D.S.I.R, Road Research Laboratory. 
Laboratory Note No. Ilf/305/PJFW. Feb. 1963.
5) Graham, G. and Martin, F.R. - Heathrow. The construction 
of high-grade quality concrete paving for modern transport 
aircraft. The Institution of Civil Engineers, 1946. 
Airport paper No. 1.
6) Milne, M. - Lean concrete bases at Crawley. London. Cement
and Concrete Association. April 1957. T.C. 146.
7) British Standards Institution. - Methods of testing concrete.
London. B.S. 1881, 1952.
8) Williams, Sir Owen and Williams, O.T. - The London Bir­
mingham Motorway. Luton-Dunchurch: Design and Execution. 
Proceedings of the Institution of Civil Engineers. April
* References to Road Research Notes, designated * thus, are 
Crown copy right and are referred to by kind permission of 
the Controller of H.M.S.O.
128
I960. Vol. 15 pp 353-386.
9) Ministry of Transport - Specification for road and bridge
works. 2nd edition, London, H.M.S.O. 1957*
10) Ministry of Transport - Specification for road and bridge
works. 3rd edition, London. H.M.S.O. 1963.
11) Williams, R.I.T. - A laboratory investigation of the 
compaction characteristics of dry lean concrete mixes.
London, Cement and,Concrete Association, I960 TEA 357.
12) Watson, J.M. - The design and construction of airfield 
pavements* Paper given at the Fiftieth Anniversary Con­
ference of the Institution of Structural Engineers,- Oct.
1958.
13) Cement and Concrete Association, London. - Lean concrete
and cement bound granular base material, De 16: Sept.
I960.
14) Williams, R.I.T. Q An investigation into the mechanical
properties of dry lean concrete suitable for road base
construction. Thesis submitted for the degree of M.Sc. 
(Eng.) University of London, 1962.
15) Blake, L.S. - Lean-mix concrete bases. The Surveyor, London. 
1958,117 (3446) 484-85. 10th May 1958.
16) Oement and Concrete Association, London. - Lean concrete 
bases for roads. 3)b 15 Feb. 1962.
British Standards Institution - Concrete aggregates 
from natural sources. London. B.S. 882, 1201: 1954*
Wright, P.J.3P. - The full scale experiment on lean concrete 
bases at Whitchurch, Glamorgan. Performance during the 
first three years. D.S.I.R., Road Research Laboratory. 
Laboratory Note No. LN/350/PJFW. April 1963.
Loe, J.A. and McLellan, J.C. - The performance of four 
types of Concrete base under an asphalt surfacing: 
Experiment on the Great Cambridge Road, A. 10, in Middlesex. 
D.S.I.R. Road Research Laboratory, Laboratory Note No.
LN/286/JAL.JCMcL. Feb. 1963.
Croney, D. and Loe, J.A. - Full scale pavement design 
experiment on A^  at Alconbury Hill, Huntingdonshire. 
Proceedings of the Institution of Civil Engineers, Feb. 
1965, vol. 30 pp. 225-270.
Road Research Laboratory - A guide to the structural design 
of flexible and rigid pavements for new roads. London, 
H.M.S.O. I960, Road Note No. 29, reprinted 1964.
Road Research Laboratory - a guide to the structural design 
of flexible and rigid pavements for new roads. London. 
Ministry of Transport, H.M.S.O. Road Note 29, 2nd edition, 
1965.
Road Research Laboratory - Construction of housing-estate
130
roads using granular base and sub-base materials, London, 
D.S.I.R., H.M.S.O. Road Note No. 20, 1955.
Sharp, D.R. - Lean concrete and soil cement in road and 
airfield bases. Roads and Road Construction vol. 38,
Feb. I960 and vol. 38 March I960.
Martin, F.R. - Heavy duty airfield pavement embodying soil 
stabilization. Proceedings of the Institution of Civil 
Engineers. Vol. 6, 1957 pp 612 - 639.
Martin, F.R. - Concrete Runways. Proceedings of the meeting 
of the pavement development group (Concrete and Soil Cement) 
held on 17th Oct. 1956. London. Cement and Concrete 
Association.
Anon - Gatwick Road Diversion. Roads and Road Construction. 
Nov. 1956 pp, 358-360.
Wright, P.J.F. - Lean concrete road bases. Norsk 
Vegtidsskrift, 1962, 38 (7), 113-5j 8, 130-6.
. Clark, J.F. - Ayr by-pass - Stage 1. Paper presented at 
the meeting of the Pavings Development Group (Concrete and 
Soil cement) at the Royal College of Science and Technology 
Glasgow, 19th Oct. I960.
Patankar, V.D. - A laboratory investigation of resistance 
to cracking of dry lean concrete. Report on project for 
Post-Graduate Diploma of Battersea College of Technology, 
London, 1963 - 64.
131
31) Dann, A.G. - The use of rolled concrete in carriageway 
foundations. Roads and Road Construction, London, 1951,
29 (341), 136-137.
32)* Wright, P.J.F. - A survey of roads constructed with lean 
concrete bases. Second report. Road Research Laboratory, 
Laboratory Note No. LN/865/PJFW. June 1965.
33) Blake, L.S. - Present day experience of Cement Stabilized 
Bases. Civil Engineering and Public Works Review. April 
1964.
34) Elkerton, E.A. - Report on the construction of New Road 
Diversion at Ankerwyke, Runnymede, Egham, Surrey County 
Council, Highways and Bridges Department, dt 6.7.54.
35) Milne, M. - Flexible road construction. Paper presented at 
the lecture course of the Federation of Coated Macadam 
Industries, London, 10th Series, 18th Feb. 1965.
36) Wright, P.J.F. - Comments on an indirect tensile test on 
concrete cylinders. London. Cement and Concrete Association. 
Magazine of Concrete Research. July 1955. Vol. 7 Ho. 20.
37) Haegermann, G. - Bitumenumhtlllter Splitt als Zuschlagstoff 
fiir Beton. Zement. 1942, 31 (33 - 34), 357 - 61.
38) Westergaard, H.M. - Stresses in concrete pavements coim- 
puted by theoretical analysis. Washington.. Public Roads.
1926, 7 (2), 25-35.
Westergaard, H.M. - Analytic tests for judging results of 
structural test of concrete pavements. Washington. Public 
Road?, 1933, 14 (lO), 185-8.
Road Research Laboratory - Design of concrete mixes. London. 
D.S.I.R., H.M.S.O., Road Note No. 4, 1950.
McIntosh, J.D. - Basic principles of concrete mix design. 
Paper presented at a Symposium on Mix Design and Quality 
Control of Concrete held in London 11-13 May 1934. Reprint 
No. 31, Cement and Concrete Association, London.
British Standards Institution. - Methods of testing 
concrete. London. B„S. 1881 : 1952.
Orchard, D.F. - Concrete Technology, Vol.l. London. 
Contractors Record Ltd., Second edition. 1962 
Murdock, L.J. - Concrete Materials and Practice. London. 
Edward Arnold (publishers) Ltd., third edition I960.
Elvery, R.H. - Concrete Practice, Vol. II, London, C.R. 
Books Ltd., 1963.
Road Research Laboratory - Concrete Roads - Design and 
Construction, London. D.S.I.R., H.M.S.O., 1955.
Neville, A.M. - Properties of Concrete. London. Sir 
Isaac Pitman and Sons Ltd., 1963*
Evans, R.H. and Bennett, J.D - Prestress Concrete - Theory 
and Design, London, Chapman and Hall, 1958.
133
49) Jones, R. - The non-destructive testing of Concrete.
Cambridge, University Press, 1962.
50) Jones, R. - The non-destructive testing of concrete.
London. Cement and Concrete Association. Magazine of 
Concrete Research. No 2, June 1949.
\ *51) Wright, P.J.F. - Some tests with admixtures which reduce 
the elastic modulus of concrete, London. D.S.I.R., Road 
Research Laboratory. Research Note No. RN/2835/PJFW,
July 1956.
52) Harris, F.A. - Selection and design of semi-flexible and 
conventional type pavements.-Proceedings of the thirty- 
fifth annual meeting. Washington, D.C. Highway Research 
Board. 1956.
55) Sparkes, F.N. and Smith,. A.F. — Concrete Roads, London,
Edward Arnold and Co. 1952.
54) Jones, A. - Tables of stresses in Three-layer Elastic 
System, Washington, D.C., National Researdi Council, Highway 
Research Bulletin, 542, 1962.
55) Road Research Laboratory - Pavement Design for Roads and 
Airfields. London, D.S.I.R., H.M.S.O. Road Research
1
Technical Paper No. 20. 1951.
56) Teller, L.W. and Sutherland, E.C. - The structural design of 
concrete pavements Part 5. An experimental study of
the Westergaard analysis of stress conditions in concrete
pavement slabs of uniform thickness, Washington, Public 
Roads, Vol. 25, No. 8, 1945*
134
A P P E N D I X
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TABLE No. 6
GRADING LIMITS FOR DRY LEAN CONCRETE 
(M.O.T. Specifications)
B.S. Test Percent by weight passing
Sieve l-g- in. nominal -J- in. nominal
maximum size. maximum size
3 in. 100
1-J- in. 95 - 100 100
•J in. 5 0 - 8 0 80-100
3/16 in. 30 - 40 35 - 45
No. 25 00 1 10 - 35
No. 100 0 - 6 0 - 6
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TABLE No, 7 
VALUES OF K BOR DIFFERENT PROBABILITIES.
Proportion falling
below control level. K
1 in 10 (lO%) 1*28
1 in 20 (5%>) 1.64
1 in 25 (4%) 1.75
1 in 33 ($) 1.88
1 in 40 (2.5%) 1.96
1 in 50 (2%) 2.05
, 1 in 100 (l%) 2.33
TABLE NO. 8 
PHYSICAL TESTS OF CEMENTS
- USED.IN THE INVESTIGATION. 
(in accordance with B.S.12)
Con­
sign­
ment
No.
ft
Water
Setting
Times
Initial
Set
min.
Final
Set
min.
Specific
Surface
sq.cm./g.
Expan­
sion
mm.
B.S.12 
3 days
p.s.i.
Concrei 
7 days
p.s.i.
;e
28 days 
p.s.i.
B.S
Mor
3 d
p.s,
1 25*8 95 110 3850 1 2405 3590 5475 527'
2 28.0 260 340 3100 2 1995 2990 4750 454
TABLE No. Q.
138
Effect of number of blows of Marshall hammer on dry density and 
indirect tensile strength.
10Q blows 50 blows 25 blows
Spec. Diy Tensile Spec. Dry Tensile Spec* Dry Tensile
No. Density Strength Bo„ Density Strength No. Density Strength.
lb/ft.3 lb/in2. lb/ft3, lb/in2. lb/ft5, lb/in2.
26/5 135.38 174.29 26/3 131.14 118.54 26/l 129.26 110.91
2 6/6 134.18 165.11 26/4 134.08 128.53 26/2 129.47 121.97
27/5 137.36 112.68 27/3 133.83 106.10 27/l 133.31 109.21
27/6 135.82 120.81 27/4 135.00 119.36 27/2 129.71 111.60
28/5 134.99 158.81 28/3 135.42 154.11 28/l 130.72 139.08
28/6 139.20 144.32 28/4 135.66 140.84 28/2 140.79* 128.33
29/5 135.40 168.51 29/3 131.04 139.39 29/1 131.96 152.06
29/6 136.08 156,84 29/4 133.91 148.79 29/2 129.01 150.41
Average „  m  
Value 150.17
133.76 131.96 130.49 127.95
Note: Suspect value rejected due to possibility of error in
height measurement.
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Table No. 10
Strength and dry density of control 
cubes compacted to refusal 
(Relating to Marshall hammer studies)
Spec, No, Dry Density Compressive Strength
lb/ft5 lb/in2
26/7 138.89 I890
26/3 135.96 1505
26/9 136.69 1820
Batch Average 137.18 1738
27/7 139.91 1680
27/8 139.12 1610
27/9 141.71 1820
Batch Average 140.24 1703
28/7 141.09 2296
28/8 139.91 2268
28/9 140.87 2590
Batch Average 140.62 2385
29/7 137.77 2380
29 /8 138.95 2310
29/9 139.06 2380
Batch Average 138.59 2357
Average of all
results 139.16 2046
TABLE NO, 11
Effect of variation of moisture content on properties of dry
. Mix 
Moisture 
.-.Content
Cube
Strength 
at 7 
days
Flexural 
Strength 
at 7 
days
Equivalent
Cube
Strength 
ay 7 days
Dry
Density
of
cubes.
Dry
Density
of
beams
per
cent
lb/in^, lb/in^. Vo/±r?m lb/ft3. lb/ft5.
i
3 845 100.0 308 129.7 128.4
4 1924 190.4 1351 134*9 136.9
4-Jr 180? 224.0 1385 139.9 134.2
5 2017 224»0 1470 140.8 138.5
6 1308 157.0 1258 139.9 136,5
\
TABLE No. 12-
Cube crushing strength at 7 days for -v 
rioisture contents
Moisture Specimen Crushing Dry Moisture Specimen Crushing Dry N
content No, strength Density content No. strength Dansity c
fo lb/in2 lb/ft5 1° lb/in2 lb/ft’
% 17/2 764 130.31 4fe^ 64.1 1470 134.88
17/3 945 127.77 64/2 I860 135.96
Average 854 129.64 64/3 1540 134.71
41°
tt
2l/l 273°* 139.59* 71/4 1806 138.18
21/2 2660 140.56* 71/5 2100 140.51
It 45/1 2030 134.15 ........ji/6........... 2044 139.88
I f 45/2 2100 135.64 Average “ I5oJ
I I 45/3 187 6 133.41 5/ • 2-371— •Ljy  •  O 37
I I 47/1 2072 134.94 23/2 1820 140.63
t l 47/2 1764 132.77 23/3 1904 140.12
I t 47/3 2240 136.89 47/5 2212 141.88
47/4 1918 132.60 47/6 2226 140.52
I I 71/1 1652 136.04 47/7 2436 140.64
It 71/2 1764 135.75 47/e 2352 140.41
I I 71/3 1820 137.47 71/7 1764 141.09
Average 1924 134.97 71/8 1876 141.26
71/9 1764 141.15
Average 2017 140.76
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TABLE NO. 13
Stress and strain values for prism tested in compression at 7 days.
a/C ratio 17-2:1. With 5$> water only.
Specimen No. l/7.
Stress 
lb/i x?
Longitudinal 
Strain on 
8 in. Demec
gauge.
in/in. x 10~^
Longitudinal 
Strain on 
4 in. Demec 
gauge.
in/in. x 10”^
Lateral 
Strain on 
4 in. Demec 
gauge.
/* -5 in/in. x 10
62.22 0.0 0.0 0.0
187.0 3.47 4.48 1.23
374.0 10.87 10.70 2.19
561.0 17.37 17.68 2,98
685.0 21.68 24.40 3.22
934.0 31.43 30.80 4.48
1090.0 38.50 40.00 5.22
1245.0 64.00 61.00 8.95
Stress at failure = 1399*5 lb/in^,
ft 0
E at failure load = 2.75 x 10 lb/in » 
m " " " " == 0.17
—5Strain at 89^ of failure load = 64 in/in. x 10 
» n Qpf0 n u n 50 » n
Extrapolating
5
Strain at 95$ load = 100 in/in. x 10~ (approximately)
Note: The strain values quoted in this and subsequent tables
are the average of four faces after cycling.
143
TABLES NO. 14
Stress and strain values for prism tested in compression at 7 days. 
a/M ratio 17^:1 . With 5-g$ water only.
Specimen No. 10/7
Stress
lb/in^.
Longitudinal 
Strain on 
8 in. Demec 
gauge.
/ —5 in/in. x 10
Longitudinal 
Strain on 
4 in. Demec 
gauge.
/ -5 
in/in. x 10
Lateral 
Strain on 
4 in. Demec 
gauge.
in/in. x 10~^
54.44 0.0 0.0 0.0
175.96 3.15 2.49 0.498
303*33 6.13 4.98 0.746
426.22 10.00 10.19 1.99
550.36 14.75 14.93 2.24
620.67 17.38 17.64 3.49
808.86 29.50 30.09 7.46
933.30 43.88 54.48 10.19
Stress at failure = 995.52 lb/in^*
E at y- of failure load = 3.96 x 10^ lb/in^. 
m. « ti n n »i _  0 .2 1 4
/ — 5Strain at 9jfo of the failure load = 54 in/in. x 10
/ -5
Strain at 80$ of the failure load = 42 in/in. x 10
Extrapolating the stress-strain relationship.
Strain at 95$ load (945.74) = 60 x 10~ (approximately)
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TABLE Wo. 15
Stress and strain values for prism tested in compression at 7 days.
A/C ratio 17^ :1, With 5^% water only. Specimen Wo. 24/7.
Stress
lb/in2.
Longitudinal 
Strain on 
8 in. Demec 
gauge.
in/in. x 10“^
Longitudinal 
Strain on 
4 in Demec 
gauge.
in/in.x 10"^
Lateral 
Strain on 
4 in. Demec 
gauge.
/ -5 in/in. x 10
54.44 0.0 0.0 0.0
175*96 3.25 3.23 0.498
.•303o33 5.88 5.22 0.995 ■
426.22 9.38 8.21 1.741
550.36 12.38 12.19 2.488
684.44 15.25 15.67 3.731
808.89 20.63 20.65 3.980
933.33 25.38 24.63 4.478.....
1057.77 30.88 30.85 5.721
1182.22 37.88 38.56 7.960
1306.66 44.63 47.76 12.686
1368.88 54.63 57.96 22.636
1431.11 66.50 73.88 46.765
Stress at failure = 1493.33 lb/in^.
B at } failure load = 4*14 x 10^ lb/in2, 
m " " " » = 0.206
—5Strain at 95% of the failure load =* 67 in/in* x 10"
/ —5
Strain at 80% of the failure load = 32 in/in. x 10
Table Wo. 16 w
Stress and strain values for prism tested in compression at 28 days
A/C ratio 17i:l with 52% water only 
Specimen Wo. l/8
Stress
lb/in2
Longitudinal strain 
on 8 in. Demec 
guage .
in./in x 10“^
Longitudinal strain 
on 4 in. Demec 
guage
/ -5 in./in x 10
Lateral strain 
on 4 in, Demec 
gauge
in,/in x 10 '
62.22 0.0 0.0 0.0
187.0 2.28 2.14 0.244
374.0 7.21 7.10 0.995
561.0 11.59 12,84 .1.49
746.0 13.34 17.56 1.49
935.0 21.34 21.60 1.99
1120.0 26,40 28,22 3.48
1310.0 34.28 33.00 4.48
1432.0 39.34 41.20 5.72
1556.0 48.03 45.40 6.96
1680.0 57.52 55.10 8.95
1810.0 65.84 75.60 14.18
1930.0 86.59 82.50 20.87
Stress at failure <* 2058 lb/in ^
E at J of failure load = 4*3 x 106 lb/in
at J of failure load = 0.131 re­
strain at 93% of failure load ~ 82,50 in/in x 10
Strain at 50% of failure load = 52.0 in/in x 10”5
Extrapalating
Strain at 95% of failure load » 92 in/in x 10
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TABLE) No. 17
Stress and strain values for prism tested in compression at 28 days
a/c ratio 17-J-sl with 5-ffi water only.
Specimen No. 10/8
Stress
lb/in^.
Longitudinal 
Strain on 
8 in. Demec 
gauge.
/ -5 in/in. x 10
Longitudinal
Strain
on 4 in. Demec 
gauge.
in/in. x 10*”^
Lateral 
Strain on 
4 in. Demec 
gauge.
/ -5 in/in. x 10
54.44 0.0 0.0 0.0
175.96 2.00 1.74 0.249
303.33 4.63 3.98 0.746
426.22 7.38 6.72 0.995
550.36 10.25 9.45 1.24
684.42 13.00 11.94 2.24
808.86 16.00 17.41 2.99
933.30 20.63 21.64 3.73
995.52 23.25 22.39 3.98
1057.74 26.00 25.37 4.23
1119.96 29.00 28.36 5.72
1182.18 31.63 33.08 6.22
1244.40 36.00 37.56 10.45
1306.62 40.63 43.28 15.92
1368.84 48.38 55.97 40.55
1431.06 68.13 104.72 104.48
A
Stress at failure = 1431.06 lb/in .
6 ?
B at j of failure load = 5.28 x 10 lb/in . 
m at " " V  " = 0.188
—5
Strain at 35% of failure load =52 in/in. x 10 
Strain " QO% » " » = 30 " ”
TABLE No. 18
Stress and strain values of prism tested in compression at 7 days.
A/C ratio lTj-J 1. Mixing water contained 10$ bitumen emulsion.
Specimen No. ll/7.
Stress Longitudinal 
Strain on 
8 in. Demec 
gauge.
lb/in^. in/in. x 10~^
Longitudinal 
Strain on 
4 in. Demec 
gauge.
in/in. x 10
Lateral 
Strain on 
4 in. Demec 
gauge.
in/in. x 10~^
54*44 0.0 0.0 0.0
175.96 2.13 2.24 0.025
303.33 4.75 4.23 0.746
426.22 6.50 6.47 1*49
550.36 9.75 9.95 2.24
684*44 12*25 12.19 2.49
808.89 15.63 16.42 3.98
933*33 20.00 20.39 5.22
1057.78 24.25 25.37 5.22
1182.22 30.25 33.33 8.46
1244*44 35.50 38.06 13.18
1306.67 41.13 46.02 v 22.39
1368.89 50.75 63.93 60.94
Stress at failure = 1431*06 lb/in.^
E at -3- of failure load = 5.35 x 10^ lb/in^. 
m n ” M n " = 0.253
-5
Strain at 95$ of failure load = 56 in/in. x 10 
» » 80$ f"‘ n n =30.5 " 11
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TABLE NO. 19
Stress and strain values of prism tested in compression at 7 days.
A/C ratio lTjrsl. Mixing water contained 10$ bitumenous emulsion.
Specimen Mo. 14/7.
Stress
lb/in^.
Longitudinal 
Strain on 
8 in. Demec 
gauge
/ -5 in/in. x 10
Longitudinal 
Strain on 
4 in. Demec 
gauge.
in/in. x 10"*^
Lateral 
Strain on 
4 in. Demec 
gauge.
/ -5 in/in. x 10
54.44 0.0 0.0 0.0
175.96 1.00 1.99 0.0
303.33 3.75 4.73 1.74
426.22 5.88 .7.96 2.24
550,36 8.63 10.19 2.99
684.44 11.63 12.94 3.73
808.89 16.25 15.67 4.48
933.33 20.25 20.65 5.22
1057.77 25,25 26.37 6.47
1119.99 28.63 29.60 7.21
1182.22 32.50 34.08 8.46
1244.44 35.38 37.31 10.45
1306.66 39.63 42.29 13.68
1368.88 45.25 51.99 18.66
Stress at failure = 1431.11 lb/in^,
B at } of failure load = 4.91 x 10^ lb/in^.
m ” " " M ” = 0.294
' ' ' ' . . .
Strain at >95$ of failure load = 48.5 in/in. x 10"* 
» »» 80$ ” M n = 51 M M
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TABLE NO. 20.
Stress and strain values for prism tested in compression at 7 days,
A/C ratio 17-J-sl. Mixing water contained 1C$> bitumenous emulsion.
Specimen No, 55/4.
Stress Longitudinal 
Strain on 
8 in. Demec 
gauge,
lb/in^. in/in. x 10~^
Longitudinal 
Strain on 
4 in. Demec 
gauge.
in/in. x 10“^
Lateral 
Strain on 
4 in. Demec 
gauge.
. /•m / m .  x 10
0 0 0.0 0.0
54.44 0.375 0.75 2.49
175.96 3.75 4.48 2.99
303.33 7.88 7.46 3.48
426,22 10.88 11.44 4.48
519.23 13.88 14.93 4.73
581.76 16.38 16.92 5.22
684.42 20,00 - -
746.64 22.50 22.89 6.47
808.86 27.13 27.11 8.21
871.08 32.13 33.33 9.95
933.30 37.50 39.05 11.94
995.52 45.00 49.00 19.15
1057.74 57.25 68.16 46.02
1088.85 97.00
p
Stress at failure = 1088,85 lb/in „
E at y  of failure load = 3.96 x 10^ lb/in^. 
m H n n m tt _ Q,2l
/ -5Strain at 95$ of failure load = 60 in/in. x 10 
" " 8C$ » " " = 31 in/in. x 10“5
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TABLE No. 21.
Stress and strain values for prism tested in compression at 7 days.
A/C 17^:1 mixing water contained 10$ bitumenous emulsion.
Specimen No. 57/7.
Stress
lb/in^.
Longitudinal 
Strain on 
8 in. Demec 
gauge.
in/in. x 10”^
Longitudinal 
Strain on 
4 in. Demec 
gauge.
in/in. x 10""'*
Lateral 
Strain on 
4 in. Demec 
gauge.
in/in. x 10 ^
0 0.0 0.0 0.0
175.96 4.38 4.73 . 0.995
363.99 9.75 10.45 1.24
550.36 15.75 16.92 2.99
684.42 21.38 20.89 4.23
808.86 27.25 29.35 5.22
933.30 37.63 42.79 9.45
995.52 47.25 57.71 19.65
1057.74 64.75 82.09 46.02
r\
Stress at failure = 1104.41 lb/in .
E at 4* of failure load = 5*61 x 10^ lb/in^. 
m » " " '» " = 0.0-98
Strain at 95$ of failure load = 79 in/in. x 10~^ 
n ft 80$ " " " 36.5 " "
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TABLE No. 22
Stress and strain values for prism tested in compression at 28 days.
a/C ratio 17^:1. Mixing water contained 10$ bitumenous emulsion.
Specimen No. ll/8
Stress 
lb/in.^
Longitudinal 
Strain on 
8 in. Demec 
gauge.
/ -5 in/in. x 10
Longitudinal 
Strain on 
4 in. Demec 
gauge.
in/in. x 10*"^
Lateral 
Strain on 
4 in. Demec 
gauge.
in/in. x 10~^
54.44 0.0 0.0 0.0
175.96 2.25 2.49 1.49
303.33 4.25 4.48 1.99
426.22 6.50 6.72 2.24
550.36 8,88 9.20 2.99
684.42 12.00 11.94 2.99
808.86 14.13 14.43 3.48
933.30 17.63 17.41 4.23
1057.74 20.50 20.39 4.23
1182.18 23.38 23.13 4.23
1244.40 25.38 25.12 4.98
1306.62 27.38 26.12 5.22
1368.84 29.00 28.11 5.47
1431.06 50,88 29.35 5.72
1493.28 33.00 31.59 5.97
1555.50 35.25 33.83 6.97
1617.72 38.13 35.57 7.46
1679.94 41.00 38,81 7.96
1742.16 43.63 42,79 9.45
1804.38 46.13 45.77 10.95
1866•60 50.00 51.99 15.92
1928.82 56.25 57.46 21.39
1991.04 63.75 67.91 40.79
2053.26 76.38
Stress at failure = 2053.26 ib/in^.
C p
E at \  of failure load s= 5.04 x 10 lb/in .
m « » » '» " = 0.24
Strain at 95$ of failure = 60 in/in. x 10~
load
" " 80$ of " = 37.5 " "
TABLE NO. 25
Stiess and strain values for prism tested in compression at 28 days, 
A/C ratio 17^:1. Mixing water contained ICffo bitumenous emulsion. 
Specimen No. 14-/8.
Stress
lb/in^.
Longitudinal 
Strain on 
8 in. Demec 
gauge.
/ -5in/in. x 10
Longitudinal 
Strain on 
4 in. Demec 
gauge.
/. -5 m / m .  x 10
Lateral 
Strain on 
8 in. Demec 
gauge.
in/in. x 10"*'*
54.44 0.0 0.0 0.0
186.67 2.12 2.74 0.0
311.11 4.38 5.47 1.24
435.55 7.50 7.10 1.49
559.99. 9.75 10.45 2.24
684.44 12.88 12.69 2.74
808.89 15.38 15.92 3.48
933.35 18.75 19.65 3.48
1057.77 22.38 22.89 4.23
1182.22 26.13 26.64 5.22
1244.44 29.00 30.35 6,22
1306.66 31.38 32.59 7.46
1368.88 34.37 36.57 8.96
1431.11 37.38 40.55 11.19
U93.33 40.38 45.02 14.18
1555.55 45.88 52.74 20.65
1617.77 51.88 58.71 33.83
1679.99 57.88 69.89 44.28
1742.22 73.00 100.25 . _..88a8a... „ .
r\
Stress at failure = 1742.22 lb/in ..
6 / 2
E at -j of failure load = 5.01 x 10 lb/in , 
m " ” " " " = 0.19
t -5Strain at 95f° of failure load = 66 in/in. x 10 
M » BUjfo »* » M = 38 " n
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TAELS NO. 24
Stress and strain values for prism tested in compression at 28 days.
Js/C ratio lTj-sl. Mixing water contained 10% bitumenous emulsion.
Specimen No. 57/8.
Stress
lb/in^.
Longitudinal 
Strain on 
8 in. Eemec 
gauge.
/ -5 in/in. x 10
Longitudinal 
Strain on 
4 in. Demec 
gauge.
in/in. x 10“'*
Lateral 
Strain on 
4 in. Donee 
gauge.
/ -5 in/in. x 10
0.0 0,0 0.0 0.0
54.44 0.875 0.995 0.0
175.96 3.88 3.48 0.398
303.33 6.00 6.72 0.896
426.22 9.00 9.70 1,14
550.36 11.5 11.94 1.64
684.42 14.88 15.42 2.89
808.86 19.00 19.40 3.88
933.30 22.75 23.13 4.13
1057.74 27.00 27.61 5.87
1119.96 30.38 31.84 6.37
1182.18 34.63 ■ 34.08 6.87
1244.40 37.88 38.06 7.36
1306.62 41.88 42.79 8.86
1368.84 46.88 48.26 12.09
1431.06 53.50 55.47 17.81
1493.28 65.13 70.15 39.45
Stress at failure = 1555.55 lb/in^.
E at y  of failure load = 4*51 x 10^ lb/in^. 
m » « « « « = 0.0965
/ -5Strain at 95% of failure load = 60 in/in, x 10
»i ii 80% "  "  "  =  3 8 .5  ,r "
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TABLE NO. 25.
Stress and strain values for prism tested in compression at 7 days*
A/c ratio lTj-s 1. Mixing water contained 20% bitumenous emulsion.
Specimen No. 15/7.
Stress 
lb/ in^.
Longitudinal 
Strain on 
8 in. Demec 
gauge.
/ -5 in/in. x 10
Longitudinal
Strain on
4 in. Demec
gauge.
/ -5 
in/in.x 10
Lateral 
Strain on 
4 in. Demec 
gauge.
/ -5 in/in.xl0
54.44
o
•
o
0.0 0.0
175.96 1.63 3.48 0.75
■303.35 3.75 5.72 0.99
426.22 6.25 9.20 1.49
550.36 9.88 11.94 1.74
684.44 12.63 14.68 2.49
808.89 14.25 19.40 2.99
933.33 21.88 25.37 4.98
1057.78 28.38 53.08 7.46
1182.22 39.50 47.26 21.89
1244.44 71.63 114.18 93.28
Stress at failure = 1275.56 lb/in^.
E at y of failure load = 4*15 x 10^ lb/in^.
m " " " " = 0.167
i r
Strain at 95$ of failure load = 60 in/in x 10“ 
ii it gofo " » " = 30.5 “ »'
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TABLE NO. 26
Stress and strain values for prism tested in compression at 7 days
i/C ratio lTg-* 1* Mixing water contained 20$ bitumenous emulsion.
Specimen No. 15/7.
Stress
lb/in.^
Longitudinal 
Strain on 
8 in. Demec 
gauge.
/ -5 in/in.x 10
Longitudinal 
Strain on 
4 in. Demec 
gauge.
/ -5 in/in.x 10
Lateral 
Strain on 
4 in. Demec 
gauge.
. / -5in/in.x 10
54.44 0.0 0.0 0.0
175.96 3.38 2.49 0.99
303.33 6.75 5.72 1.49
426.22 9.38 8.46 2.24
550.36 12.75 11.19 2.74
684.44 16.50 15; 67 3.23
808.89 20.38 19.99 4.23
933.33 25.38 25.24 5.22
995.55 29.50 29.10 6.72
1057.77 33.50 32.84 8.21
1119.99 38.75 39.80 11.19
1182.22 46.38 48. Q1 19.15
1244.44 55.25 65.42 37.06
1306.66 82.25
O
Stress at failure = 1306.66 lb/in •
E at y of failure load = 4*76 x 10^ lb/in^. 
m " " " " ” = 0.25
/ —5Strain at 95$ of failure load = 65 in/in. x 10 .
w » 80$ " n = 32 in/in. x 10“5.
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TABLE No. 27
Stress and strain values for prism tested in compression at 7 days.
A/C ratio Y]yi 1. Mixing water contained 20$ bitumenous emulsion.
Specimen No* 58/7.
Stress
lb/in^
Longitudinal 
Strain on 
8 in. Demec 
gauge.
in/in. x 10 ^
Longitudinal 
Strain on 
4 in. Demec 
gauge.
/ -5 in/in. x 10
Lateral 
Strain on 
4 in. Demec 
gauge.
in/in. x 10"^
. . 0.0 0.0 0.0 0.0
54.44 2.5 1.99 0.5
145.53 5.13 4.48 0.88
303.33 9-75 8.96 1.25
426.22 13.38 12.44 1.75
550.36 16.63 16.42 1.50
684.44 21.63 21.89 2.13
808.89 31.88 29.35 3.38
933.33 46.00 48.26 7.38
' O
Stress at failure = 995.55 lb/in .
E at y  of the failure load = 3*49 x 10^ lb/in^.
n « » » « " = 0.158
Strain at 94$ of the failure load = 48 in/in. x 10 ^
ii n 11 ii it it ■ 28 u ”
Extrapolating
strain at 95$ of the failure load = 52 in/in. x 1G~
(approximately)
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TABLE NO. 28
Stress and strain values for prism tested in compression at 28 days.
A/C ratio lTjrsl. Mixing water contained 20$ bitumenous emulsion.
Specimen No. 13/8.
Stress 
Ib/i n2.
Longitudinal 
Strain on 
8 in. Demec 
gauge.
in/in.x 10~5
Longitudinal 
Strain on 
4 in. Demec 
gauge.
in/in.x 10~^
Lateral 
Strain on 
4 in. Demec 
gauge.
in/in.x 10*”^
54.44 0.0 0.0 0.0
175.96 2.75 2.74 0.498
303.33 4.63 5.22 1.24
426.22 8.25 7.96 1.74
550.36 10.75 10.69 1.99
684.42 13.25 13.43 2.24
808.86 16.75 16.67 2.74
933.30 21.33 20.39 4.23
1057.74 24.50 24.38 4.98
1182.18 29.38 27.86 6.47
1306.62 34.50 34.33 8,71
1431.06 41.38 42.04 13.43
1555.50 56.25
Stress at failure = 1555.50 lb/in^.
E at %  of the failure load = 4.69 x 106 l'b/in2.
m » »» •» » n it _ 0.2
Strain at 95$ of the failure load = 45.5 in/in.x 10~
" ■ » 80$ it tt »
i—i 
K\II it
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TABLE No. 29
Stress and strain values for prism tested in compression at 28 days,
a/G ratio lTg-sl. Mixing water contained 20fo bitumenous emulsion.
Specimen No. 15/8.
Stress
lb/in2.
Longitudinal 
Strain on 
8 in. Demec 
gauge.
. / -5 m/in.x 10
Longitudinal 
Strain on 
4 in. Demec 
gauge.
/ -5 m/in.x 10
Lateral 
Strain 
on 4 in 
Demec gauge
/ -5 in/in.x 10
54.44 0.0 0,0 0.0
175.96 3.13 1.99 0.99
303.33 5.38 4.48 0.99
426.22 8.63 7.46 1.49
550.36 10.88 10.99 2,24
684.42 13.38 12.19 2.24
808.86 16.63 16,17 3.23
933.30 20,50 19.15 3.98
1057.74 26.13 22.89 4.48
1182.18 30.00 29.35 5.97
1306.62 37.00 35.07 9.70
1431.06 44.125 48.76 29.10
1493.28 61.13
Stress at failure =  1495*28 lb/in2.
E at y of failure load = 4.94 x 106 lb/in2, 
m 1 « » » '»■ = 0.211
/ -5
Strain at 95fo of the failure load = 45 in/in.x 10
ti tr ii n ii u _ 29 ,f H n
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TABLE No, 50.
Stress and strain values for prism tested in compression at 28 days. 
A/C ration 11^* 1 • Mixing water contained 20$ Bitumenous emulsion.
Specimen No, 58/8
Stress
lb/in^.
Longitudinal 
Strain on 
8 in. Demec 
gauge.
/ -5 in/in.x 10
Longitudinal 
Strain on 
4 in. Demec 
gauge.
/ ~5 in/in.x 10
Lateral 
Strain on 
4 in. Demec 
gauge.
/ -5 in/in. x 10
0.0 0.0 0.0 0.0
54.44 0.625 0.00 0.498
. 175.96 2.88 5.25 0.995
505.55 5.75 6.72 1.99
426.22 9.00 9.70 2.49
550.56 12.25 12.19 5.48
684*42 14.88 15.42 5.98
808.86 19.88 20.40 4.75
955.50 24.15 25.12 5.47
1057.74 29.15 50.60 8.21
1182.18 55.18 56.12 10,45
1244.40 59.88 41.29 12.94
1506.62 45.58 48.51 17.41
1568.84 55.88 58.46 27.86
1451.06 68.50 86.57 85.82
2Stress at failure = 1451*06 lb/in ,
c f O
E at y  of failure stress = 4*54 x 10 lb/in • 
m n n h n »» 0,258
—5
Strain at 95$ of failure load = 64 in/in.x 10 
'» " 80$ " " " a 56 in/in.x 10~5
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TABLE No. 51.
Stress and strain values for prism tested in compression at 7 days.
a/C ratio lT^l. Coarse aggregate pre-coated with tar.
Specimen No. 52/4.
Stress 
lb/in^.
Longitudinal 
Strain on 8 
in. Demec 
gauge.
/ -5 m/in. x 10
Longitudinal 
Strain on 4 in. 
Demec 
gauge.
/ -5 in/in. x 10
Lateral 
Strain 
on 4 in 
Demec gauge.
in/in. x 10~^
54.44 0.0 0.0 0.0
115.11 1.88 2.74 1.74
175.96 5.25 6.72 2.24
258.19 9.88 11* 19 5.48
505.55 15.88 19.40 4.75
565.99 24.75 26.62 7.21
426.22 55.15 40.50 15.45
488.44 68.63 81.59 71.59
Stress at failure = 559.98 lb/in^,
E zt y of failure load = 1.72 x 10^ lb/in*\
m " " V " " = 0.27
j r
Strain at 89$ of failure load = 81 in/in x 10" 
n i» 80$ " " M = 50 n "
Extrapolating ‘ •
strain at 95$ of failure load = 100 in/in. x 10"^
(approximately)
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TABLE No. 52
Stress and. strain values for prism tested in compression at 7 days.
a/C ratio 17y:l. Coarse aggregate pre-coated with tar.
Specimen No. 33/5.
Stress
lb/in2
Longitudinal 
Strain on 
8 in. Demec 
gauge.
in/in. x 10"^
Longitudinal 
Strain on 
4 in. Demec 
gauge.
in/in. x 10~^
Lateral
Strain
on 4 in Demec 
gauge.
in/in. x 10~^
54.44 0.0 0.0 0.0
115.11 1.38 2 »4'9 1.49
175.96 4.50 5.72 1.74
238.19 7.25 8.46 1.49
303.33 11.13 12.69 1.99
363.99 15.63 17.41 5.37
426.22 23.00 24.38 5.7?
488.44 32.38 35.32 11.19
550.36 47.25 54.72 31.59
620.67 69.75
2Stress at failure = 620.67 lb/in •
E at y  of failure load = 1.56 x 10^ lb/in2.
m « » n .« ” = 0.25
Strain at 8£$ of failure load = 54 in/in. x 10"
w M 80$ M n 11 =s 36 ,! ”
Extrapolating
strain at 95$ of the failure load = 86 in/in. x 10~5
(approximately)
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TABLE No. 33
Stress and strain values for prism tested in compression at 7 days.
A/c ratio lTgil. Coarse aggregate pre-coated -with bitumen.
Specimen No. 35/4.
Stress
lb/in^.
Longitudinal 
Strain on 
8 in. Demec 
gauge.
/ “5 in/in. x 10
Longitudinal 
Strain on 
4 in. Demec 
gauge.
in/in. x 10”^
Lateral 
Strain on 
4 in. Demec 
gauge.
in/in. x 10"*^
54.44 0.0 0.0 0.0
115.11 2.75 2.24 0.0
175.96 5.13 5.97 0.249
238.19 8.13 9.70 0.995
303.33 12.25 12.19 2.24
363.99 17.13 18.16 3.73
426.22 23.15 24.38 5.47
488.44 31.50 35.07 9.70
550.36 44.63 48.09 12.94
620.17 63.13 73.38 54.48
684.42 140.0
Stress at failure = 777.75 lb/in ,
E at y of failure load = 2.05 x 10 lb/in .
M n " H " M = 0.15
Strain at 80% of failure load = 73 in/in. x 10“^
Extrapolating c
Strain at 95% of the failure load = 130 in/in. x 10*"
(approximately)
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TABLE NO. 54.
Stress and strain values for prism tested in compression at 7 days,
a/c ratio 17i-:l. Coarse aggregate pre-coated with bitumen.
Specimen No. 56/4 .
Stress
lb/in2.
Longitudinal 
Strain on 
8 in. Demec 
gauge.
in/in. x 10~"^
Longitudinal 
Strain on 
4 in. Demec 
gauge.
in/in. x 10”^
Lateral 
Strain on 
4 in. Demec 
gauge.
/ -5 in/in. x 10
54.44 0.0 0.0 0.0
115.11 2.00 2.23 0.995
175.96 4.75 4.48 1.49
238.19 7.65 7.71 1.99
303.33 10.63 10.70 3.23
* 363.99 14.50 15.42 4.29
+ 363.99 18.13 17.91 5.22
x 563.99 18.75 17.66 5.72
3 363.99 19.88 19.15 5.97
426.22 22,12 21.89 6.72
488.44 27.25 27.36 8.96
553.36 33.38 35.07 12.69
620.67 44.50 49.25 22.14
684.44 61.00 72.64 49.99
746.66 104.00 180.59 238.30
Stress' at failure = 746.66 lb/in2*
E at 4- of failure load = 2,59 x 106 lb/in2.
m M ,T " ” " = 0.266
* Strain measured immediately on reaching this load.
+ " ,f 20 minutes after ” "
x  i» it 30 ii 1 1 n 1
0 i» 1 50 it 1 1 n 1
2
The calculated E value is at lower stress than 563.99 lb/in .
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TABLE No. 35
Stress and strain values for prism tested in compression at 28 days,
A/C ratio lTj-Jl. Coarse aggregate pre-coated with bitumen.
Specimen No, 37/4.
Stress
lb/in^.
Longitudinal 
Strain on 
8 in. Demec 
gauge.
in/in.x 10 ^
Longitudinal 
Strain on 
4 in. Demec 
gauge.
/ -5 m/in.x 10
Lateral 
Strain on 
4 in. Demec 
gauge.
/ -5 in/in.x 10
0.0 0,0 0.0 0.0
54.44 2.00 2.49 0.025
175.96 7.75 7.21 0.995
303.33 13.00 12.19 2.49
426.22 21.62 20.39 5.72
550.36 35.00 33.33 12.44
684.44 55.38 60,19 39.30
746.66 94.88 102.73 117.36
r\
Stress at failure = 777.78 lb/in ,
6 2
B at j of failure load = 2.39 x 10 lb/in .
m " "' » ■ » «» = 0.185
/ —5
Strain at 95%> of failure load = 97 in/in, x 10 
n ii g o f0 ii u ii _  4 6  ii ii i«
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TABLE) HO. 56
Stress and strain values of specimen tested in tension at 7 days, 
A/C ratio 17i-i 1. with 5-$> water only.
Specimen Ho. 48/4.
Stress
lb/in^.
Longitudinal 
Strain on 
8 in. Demec 
gauge.
in/in. x 10~
Longitudinal 
Strain on 
4 in. Demec 
gauge.
in/in. x 10’"'*
Lateral 
Strain on 
2 in. Demec 
gauge.
/ -5 in/in. x 10
0.0 0.0 0.0 0,0
10.29 1.00 0.945 1.85
20.58 1,25 1.49 0.62
50.88 1.75 1.99 2.46
41.16 2.58 2.-99 3.69
51.45 3*15 3.48 3.26
61.74 3.13 1.99 6.56
72.05 3.50 2.74 6.15
78.20 5.50 2.99 10.33
88.49 . 3.50 3.25 10.46
94.67 4.00 3.98 8.61
102.90 4.50 5.22 3.69
115.19 4.88 4.73 5.66
125.48 5.38 5,22 3.52
155.77 5.75 4.98 5,54
2
Stress at failure = 144.06 lb/in *
6 ?
E at j of failure load = 2,4 x 10 lb/in •
/ —5
Strain at 92$ of failure load =7.6 in/in. x 10
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TABLE No. 37
Stress and strain values of specimen tested in tension at 7 days.
a/C ratio 17^1. Mixing water contained 10$ bitumenous emulsion.
Specimen No. 50/4.
Stress
lb/in2.
Longitudinal 
Strain on 
8 in. Demec 
gauge.
5in/in. x 10*"
Longitudinal 
Strain on 
4 in. Demec 
gauge.
i -5 in/in. x 10
Lateral 
Strain on 
2 in. Demec 
gauge.
4n/in. x 10~5
0.0 0.0 0.0 0.0
10.29 0.88 1.24 2.05
20.59 0.88 - 6.64
30.88 1.00 1.99 3.27
41.18 1.13 2.99 7.63
51.47 1.75 4.23 3.69
60.73 2.38 4.73 4.92
70.41 2.75 5.22 2.77
77.41 2.25 4.73 8.92
86.06 3.5 5.22 12.30
94.49 2.75 5.72 13.11
102.75 3.88 6.72 13.53
' 111.59 3.75 6.22 10.65
119.82 3.75 6.72 6.46
Stress at failure = 128.06 lb/in2.
E at y of failure load = 2.25 x 10^ lb/in2. 
Strain at 94$ of failure load = 6.7 x 10""^  in/in.
167
TABLE No. 38
Stress and strain values for specimen tested in tension at 7 days.
A/C ratio r/isl. Mixing water contained 2C$ bitumenous emulsion.
Specimen No. 52/4
Stress 
lb/in^
Longitudinal 
Strain on 
8 in. Demec 
gauge.
/ _5
in/in x 10
Longitudinal 
Strain on 
4 in. Demec 
gauge.
/ -5 m / m .  x 10
Lateral 
Strain, on 
2 in. Demec 
gauge.
in/in. x 10~"^
0.0 0.0 0,0 0.0
10.29 1.17 0.75
20.58 2.25 1.74
Due to great
51.29 2.50 1.23
41.16 3.50 1.49
scatter
51.46 2.75 1.49
these results
61.74 3.75 2.24
are not
72.03 4.50 2.24
produced.
82.35 4.38 3.24
2
Stress at failure =s 92.64 lb/in .
E at -Jr of failure load = 2*21 x 10 lb/in *
—5
Strain at 87$ of failure load = 4.4 in/in. x 10
168
TABLE No. 59
Stress and strain values for specimen tested in tension at 7 days.
A/C ratio 17jr!l. Coarse aggregate pre-coated with bitumen.
Specimen No. 44/5.
Stress
lb/in^.
Longitudinal 
Strain on 
8 in. Demec 
gauge. .
in/in. x 10~“*
Longitudinal 
Strain on 
4 in. Demec 
gauge.
/ -5 in/in x 10
Lateral 
Strain on 
2 in, Demec 
gauge.
in/in. x 10~^
0.0 0.0 0.0 0.0
10,29 1.00 0.49 0.92
20.59 1.75 0.99 1.54
30.89 1.88 1.24 1.54
41.18 2.38 2.49 1.54
51.47 2.88 2.49 3.08
61.77 4.13 3.73 2.46
72.06 4.50
r\
Stress at failure = 72.06 lb/in .
E at y of failure load = 1.66 x 10^ lb/ir?,
i —5
Strain at 86$ of failure load =4.0 in/in x 10
TABLE NO. 40.
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Results of determination of electro-dynamic modulus of elasticity 
at various ages*
Unmodified diy lean concrete.
Specimen Bry Electro-dynamic modulus of
No. density elasticity x 10^ - lb/in^.
lb/ft5. at 7 at 14 at 21 at 28
days days days days
2/11 138.00 4.67 - - 5.06
10/9 137.64 4*86 5.27 5.32 5.46
41/4 139.42 5.03 - - -
48/4 136.78 5.38 - - -
65/4 137.61 4.68 4.98 5.05 5.22
66/4 132.36 3.86 4.13 4.29 4.39
66/5 130.07 3.80 - - w.
Average 135.98 4.61 4.79 4.89 5.03
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TABLE No. 41
Results of determination of electro-dynamic modulus of elasticity 
at various ages.
Mixing water contained 10$ emulsion.
Specimen
No.
Dry
density
Electro-dynamic modulus of 
elasticity x 10^ lb/in .
lb/ft5. at 7 
days
at 14 
days
at 21 
, days
at 28 
days
ll/9 137*79 5.02 5.39 5.52
14/9 137.57 - 5.23
*
5.59 5.46
50/4 135.71 5.19 - - -
57/9 141.10 5.22
X
5.53 5.51 5.61
60B/l 137.07 4.91 5.22 - 5.38
60B/2 137.56 4.84 - -
Average 137.80 5.04 5.33 5.49 5.49
* Suspect value possibility of error in weighing, 
x » n » ” n H detecting of resonance.
TABLE No. 42
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Results of determination of electro-dynamic modulus of 
elasticity at various ages.
Mixing water contained 20fo emulsion.
Specimen
No.
Dry
Density
Electro-dynamic modulus 
elasticity x 10^ lb/in‘
at 7 at 14 at 21 
days days days
of
•
at 28 
days.
13/9 140.07 - 5*37 5*47 5*55
15/9 138.31 4.66 4.97 5.09 5.17
52/4 137.84 5.09 - - -
58/9 136.27 4.49 4.66 4.83 4.85
60A/l 137.73 4.64 4.95 - 5.13
60a/2 138.01 4.77 - - -
Average 138.04 4.73 4.99 5.13 5.18
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TABLE NO. 43 
Results of determination of electro-dynamic modulus of 
elasticity at various ages.
Aggregates pre-coated with bitumen.
Specimen Dry Electro-dynamic modulus ^
No. Density of elasticity x 10^ lb/in .
at 7 at 14 at 21 at 28
days days days .days
38/6 136.18
44/5 135.22
63/4 131.69
63/5 132.49
3.9 4.21 - 4.54
4.16 - - >  
3.61
3.54 3.82 3.86 3.97
Average 135.89 3.80 4.02 3-86 4.26
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TABLE NO, 44
7 days crushing strength of cubes compacted to refusal*
Unmodified dry lean concrete.
Spec­
imen
No.
Compres­
sive
Strength
lb/in^.
Dry
Density
lb/ft5.
Spec­
imen
No,
Compres­
sive
Strength
lb/in^.
Dry
Density
lb/ft5.
49.4 1918 140.19 26.7 1840 138.89
49.5 1848 140.25 26.8 1505 135.96
49.6 2100 142.17* 26.9 1820 136.69
48.1 1932 138.50 27.7 1680 139.91
48.2 1890 139.35 27.8 3-610 139*12
48.3 1946 139.91 27.9 1820 191.71
41.1 1736 141.21 28.7 2296 14L.09
41.2 1764 140.76 28.8 2268 139.91
41.3 1722 140.03 28.9 2590 140.87
24.1 I960 141.09 29.7 2380 137.77
24.2 2184 140.14 29.8 2310 138.45
24.3 1890 138.39 29.9 2380 134.06
2.3 1820 135.00
1*1 1750 140.83
1.2 1750 140.37
1.3 1714 138.52
2
Average compressive strength s 1958 lb/in
Average dry density s= 139.39 lb/ftA
* Rejected due to possibility of error in weighing.
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TABLE No. 45
28 days crushing strength of cubes compacted to refusal.
Unmodified diy lean concrete.
Specimen
No.
Compressive
Strength
lb/in^.
Dry
Density.
lb/ft5.
49.7 2590 159.29
49.8 2716 141.77
49.9 2576 139.68
24.4 2884 141.60
24.5 3052 139.97
24.6 2786 140.53
2.1 2980 136.8
2.2 2840 137.8
1.4 2800 140.04
1.5 2380 139.03
1.6 2725 142.07
65.1 2450 137.82
65.2 2352 137.94
65.3 2310 137.59
* *
66.1 1890 133.03
it
66.2 1890 133.26
- * •it
66.3 I960 132.47
Average 2674 139.42
* Suspect values not taken in averaging.
TABLE NO. 46
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Crushing strength of cubes compacted to refusal® 
With 10$ bitumen emulsion.
at 7 days at 28 days.
Spec***
imen
No..
Compres­
sive
Strength
Dry
Density
Spec­
imen
No.
Compres­
sive
Strength
Dry
Density,
lb/in^ , lb/ft5. lb/in . lb/ft5.
n/i 1820 140.63 11/4 . 2695 139.72
11/2 I960 142.49 11/5 2240 138.99
11/3 I960 140.85 11/6 2485 138.88
14/1 1995 140.63 14/4 2380 138.54
14/2 1820 140.85 14/5 2478 138.31
14/3 1995 139.67 14/6 2506 140.85
50/1 1610 141.52 51/7 2464 140,61
50/2 1484 140.73 51/8 2310 140.39
50/3 1680 141.24 51/9 2436 140.28
51/4 1554 139.99 57/4 2436 141.92
51/5 1610 140,61 57/5 2422 139.43
51/6 1470 139.48 57/6 2170 140.62
55/1 ’ 1091 139.72
55/2 1456 141.41
55/3 1271 142.20
57/1 1750 141.34
57/2 1848 140.90
57/3 1642 139.72
Average 1668 140.78 Average 2419 139.89
Average dry density = 140.5
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TABLE No. 4-7
Crushing strength of cubes compacted to refusal. 
With 20$ bitumen emulsion.
Spec­
imen
So.
At 7 days
Compres­
sive
Strength
lb/in^.
Dry
Density
lb/ft3.
At
Spec­
imen
Wo,
28 days
Compres­
sive
Strength
lb/in^.
Dry
Density
lb/ft3.
13/4 1750 140.45 13/1 2450 140.79
13/5 1610 159.71 13/2 2464 139.65
13/6 1610 140.05 13/3 2604 140.56
15/4 1820 140.59 15/1 . 2450 141.69
15/5 1680 140.16 15/2 2450 141.86
15/6 1610 140.55 15/3 2408 139.99
52/1 1652 159.76 53/7 1904 139.43
52/2 1750 140,56 53/8 1974 139.09
52/3 1756 141.58 53/9 2580 141.18
53/4 1558 158.55 58/4 2240 138.92
53/5 1680 140.50 58/5 2226 139.03
53/6 ■ 1456 158.92 58/6 2100 138.29
58/1 1624 159.89
58/2 1470 158.65
58/3 1658 140.25
Average 1650 159.97 Average 2504 140,04
Average dry density = 140,00
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TABLE NO. 48
Crashing strength of cubes compacted to refusal.
With pre-coated bitumen aggregate.
at 7 days at 28 days
Spec­
imen
No.
Comp­
ressive
strength
Dry
density
Spec­
imen
No.
Comp­
ressive
strength
Dry
density.
lb/in^. lb/ft3. lb/in^. lb/ft3.
35/1 1113 140.17 37/1 1099 135.82
35/3 1185 139.83 37/2 1169 136.95
36/1 1046 138,42 37/3 1218 138.42
36/2 1099 138.98 38/4 1057 136.67
36/3 1116 139.26 38/5 1127 138.53
44/1 1007 140.02 59/l 1141 135.14
44/2 1002 139.51 59/2 995 133.84
38/1 ' 931 137.29 59/3 1146 136.61
38/2 959 138.30
38/3 917 138,25
Average 1040 139.00 Average 1120 136.50
Average dry density = 137.75 lb/ft3.
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TABLE No. 49
Crushing strength of cubes compacted to refusal*
With pre-coated tar aggregate
Specimen 
' No.
at 7 days
Compressive
Strength.
lb/in^.
Dry
density.
lb/ft5.
32/1 771 139.48
32/2 980 139.15
32/3 1133 139.65
33/2 1113 137.09
33/3 1151 138.73
Average 1030 138,82
TABLE No.50
Ultimate strength of prisms (6,f x 6M x 12" size) tes 
modulus of elasticity in compression.
(For each condition of mix)
Unmodified With 10^ Emulsion
Specimen
Wo.
Sren£ th 
at 
7 dajs
lb/in^
Specimen
No.
Strength 
at 
28 days
lb/in2
Specimen
No.
Strength 
at 
7 days
lb/in2
Specimen
No.
Streng 
at 
28 da
lb/in
1/7
10/7
24/7
Prom
Ref.
No.(5°)
1400
996
1493
1558
1803
!/8
10/8
Prom Ref. 
No.(30)
2058
1431
2300
1865
11/7
14/7
55 /4
57/7
1431
1431
1089
1104
11/8
14/8
57/8
2053
1742
1556
Average 1450 1914 1264 1784
Specimen
No
WITH PREC 
Strength 
at 
7 days 
lb/in^
JOATED AGGREC 
Specimen 
No.
xATE
Strength 
at 
28 days 
lb/in*
*
35/4
36/4
778
747
37 /4 778
Average 763 778
TABLE NO. 51
Results of specimens tested for flexural strength and for 
equivalent cube strength.
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.at. „7 davs at 28 ..davs
Spec. Flex­ Aver­ Dry Spec. Flex­ Aver­ Dry
No. ural age den­ No. ural age den­
str­ equi­ sity str­ equi­ sity.
ength valent
cube
str­
ength valent
cube
str­
lb/in^
ength
lb/in lb/ft5 lb/in^
ength
lb/in lb/ft5
Unmodified drv lean concrete Unmodified drv lean concrete
41/4 235.2 1645 139.42 10/9 252 2100 137.64
43/4 224 1645 136.42 65/4 291 2039 137.61
66/5 190 1060 130.07 66/4 246 1494 132.36
Average 216.6 1450 135.30 Average 263 1878 135.87
Average Ds = 135.58
X With lOfo emulsion
50/4 224 1442 135.71 11/9 291 2310 137.79
6CB/2 269 1526 137.56 60B/1 
57/9 
14/9_ _
314
342
241
2422
2275
137.07
141.10
137.57
Average 247 1484 136.64 Average 297 2336 138.38
Average Ds = 137.51
With 2o% emulsion
52/. 246 1333 137.84 13/9 274 2135 140.07
60A/2 258 1442 138.01 60A/1 325 2156 137.73
15/9 258 1872 138.31
58/9 269 1820 136.27
Average 252 1388 137.93 Average 282 1996 138.09
Average Ds = 138.01
With bitumen coated aggregate
44/5 157 778 135.22 38/6 106 1061 136.18
63/4 112 645 131.69 63/5 202 781 132.52
Average 132 712 133.45 Average 154 921 134.35
Average Ds = 133.90
TABLE Ho. 52 181
Indirect tensile strength and dry density of cylinders compacted 
-with 50 blows each of' the Marshall hammer*
Type of mix-: Type of mix-:
with 10$ emulsion. with 20$ emulsion.
Spec. Indirect Dry Spec. Indirect Diy
No. Tensile Density No. Tensile Densit]
Strength Strength
lb/in^. lb/ft5. lb/in^. lb/ft5,
54/2 109.5 136.4 56/1 92.5 129.6
54/3 94.6 135.5 56/2 118.4 133.3
54/4 120.1 135.4 56/3 125.0 131.8
54/5 106.5 137.1 56/4 132.3 133.0
54/6 106.5 135.1 56/5 146.6 132.9
56/6 142.9 132.8
Average 107.4 135.0 Average 126.3 132.2
Type ,of mix-:
With pre-coated aggregate
Spec. Indirect Dry
No. Tensile Density
Strength
63/l 84.5 127.3
63/2 80.5 129.9
63/3 95.1 131.7
Average 86.7 129.6
TABLE No, 55 1Q2
Effect of variation of moisture content on the properties of 
dry lean concrete with emulsion.
Aggregate/emulsion ration 100:1.
Moisture Cube Flexural Equiv- Dry Dry Dynamic
Content Strength Strength alentaibe den- den- modulus
at 7 at 7 Strength sity sity at 7
days days at 7 of of days.
days i,c^ ]?0s beams
per cent lb/in2 lb/in2 lb/in2 ilb/fi? lb/ft^ lb/in2xl0^
3.43 814 62 442 130.6 127.7 2.44
4.43 2050 190 1246 141.4 13 6.6 4.65
5.43 1464 123 1295 138c 9 134.4 3.86
6.43 720 134 700 133.6 139.8 3.76
Aggregate^ emulsion ratio 50:1
2,85 968 134 - 134.4 132.3 3.45
3.85 1470 196 1274 138.4 138.5 4.84
4.85 1297 196 1120 140.7 139.4 4.85
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COMPUTATION OF TRAFFIC STRESSES IN 
DRY LEAN CONCRETE ROAD BASES'
Notations used in table No's* 54 to 81.
S Thickness of surfacing, inches.
o
K s Modulus of sub-grade reaction, lb/in /in.
H 22 Depth of road base, inches.
E s Modulus of elasticity, lb/in^ x 10^.
M = Poisson’s ratio.
Stresses are tabulated for values of E,with corresponding 
values of M ?and are in lb/in^.
Table No's. 54 to 67
Interior loading condition
Total load P = 12000 lb.
2Tyre pressure = 80 lb/in *
Z = 0*2 = ratio of reduction of the maximum deflections, 
L = the maximum radial distance from the centre of the 
load application within which a redistribution of 
subgrade reaction is made = 0.5 x 1 
where 1 = Radius of relative stiffness.
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TableJJoJ?{f
S T R E S S E S
K H E=7 E=6 £ = 5 E = 4 E“ 3 E=2 E = i
Hs . i M = * i  5 M = . 2 M = . 2 5 M= . 3 M =  . 3 5 M =  * 4
100 8 182 1 8 7 190 192 191 186 171
100 9 1 52 * 56 159 x6o 160 1 5 6 M 5
IOO 10 128 132 1 3 4 1 36 136 133 1 24
100 11 1 1 0 1 13 1 1 5 1 17 1 1 7 115 108
IOO 12 9 5 98 100 I O I X02 IOO 9 4
2 0 0 8 i 6 5 169 171 X 72 I 7 i 1 65 1 49
2 0 0 9 138 142 1 4 4 1 45 1 4 4 1 40 1 28
2 0 0 10 118 x 20 x 22 1 2 4 X23 I  20 h i
2 0 0 11 xox X04 X05 1 0 7 106 I O 4 9 6
2 0 0 12 88 90 92 93 93 91 85
300 8 1 55 x 58 16 0 161 159 153 137
300 9 1 30 1 3 3 1 3 5 136 1 35 I  30 118
300 10 h i 1 x 4 1 1 5 116 x 16 112 102
300 11 9 6 98 xoo I O I x 00 98 9 0
3 0 0 12 83 * 5 8 7 88 88 85 79
400 8 1 48 151 153 153 1 50 I 4 4 128
400 9 125 1 27 129 1 30 1 28 123 i n
4 00 10 1 0 7 1 09 I I I i n x 10 107 97
4 0 0 11 9 2 9 4 9 6 9 6 9 6 93 85
400 12 80 82 83 8 4 8 4 82 75
500 8 143 1 4 5 1 4 7 1 46 1 4 4 137 121
500 9 I  2 X 123 1 24 1 2 5 123 118 1 05
500 10 1 03 1 05 1 0 7 1 0 7 1 08 102 9 2
500 I  X 89 91 9 2 93 9 2 89 81
500 12 78 80 81 81 81 79 72
CO 
CO 
CO 
CO 
CO 
CO 
CO 
CO 
CO 
CO 
C
O
C
O
C
O
C
O
C
O
 
CO 
CO 
<0 
CO 
C
O
Table_N°.55
S T R E S s E S
K H E=7 E=6 E = 5 E= 4 E =3 E= 2 E=,
H - . i M=* 1 5 11= .-2 M= . 2 5 W=. -3 «=. -3 5 11 = .
600 8 1 38 1 40 1 42 1 41 139 132 U S
600 9 117 119 i  20 121 119 H 4 101
600 10 IOO 102 1 0 4 10 4 103 99 89
600 11 87 - 89 90 90 89 86 78
600 x 2 76 77 79 79 79 7 6 69
700 8 1 3 4 137 138 137 1 3 4 1 27 110
700 9 1 1 4 116 117 117 115 110 -9 7
700 10 - 9 8 100 IOI IOI 100 -9 6 85
700 11 85 8 6 88 - 88 87 84 76
700 1 2 74 76 77 77 77 74 6 7
800 8 131 133 1 3 4 133 1 30 123 106
800 9 i n 113 1 1 4 1 14 112 107 - 9 4
800 10 - 9 6 98 99 99 ' 9 7 93 83
800 11 83 85 86 86 85 82 73
800 i  2 73 74 75 7 6 75 72 6 5
900 8 i  28 130 131 130 1 27 119 - 102
900 9 109 i n 11 2 112 109 1 0 4 91
900 : 10 9 4 96 9 7 ; 9 7 9 5 91 80
900 11 81 83 8 4 8 4 83 8o 71
900 i  2 71 73 74 74 73 71 64
10 0 0 8 126 127 i  28 1 27 1 2 4 1 16 99
10 0 0 9 1 0 7 10 9 110 109 107 101 88
1 00 0 10 92 9 4 9 5 95 93 89 78
100 0 11 80 82 83 83 82 78 70
100 0 I 2 70 72 73 73 72 69 62
4* 
•£* 
-f* 
-f* 
-f* 
-{* 
4**
 4^
 
4* 
-t* 
4* 
4*.
 4
*. 
4» 
4»
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fable M o .56
■mt « W » g w  < »  M W  I» l l M j p  IW W  W W  t n »
S T R E S S E S
K H E>7 E= 6 E>5 E=s4 E=3 E = 2 E = i
1 M = « i 5 M = . 2 M = * 2 5 M=.3 M=.35 M = « 4
IOO a 1 7 2 1 7 6 1 7 8 1 7 9 1 7 8 173 157
IOO 9 1 4 4 147 1 5 0 15 1 1 5 0 1 4 6 135
I OO 1 0 1 2 2 1 2 5 1 2 7 1 2 9 1 2 8 1 2 5 1 1 6
IOO 11 1 0 5 1 0 8 n o i n i n 109 IOI
IOO 12 91 94 95 97 9 7 95 89
2 0 0 8 155 1 5 8 1 6 0 1 6 0 1 58 1 5 2 1 3 8
2 0 0 9 1 3 0 133 135 1 3 6 134 1 30 1 1 7
2 0 0 zo i n 1 1 4 1 1 5 1 1 6 1 1 5 1 1 2 1 0 2
2 0 0 11 9 6 9 8 zoo IOI zoo 9 8 9 0
2 0 0 12 8 4 86 8 7 8 8 88 8 6 79
3 0 0 a 1 4 5 147 1 4 9 1 4 9 1 4 6 1 4 0 1 2 3
3 0 0 9 122 1 2 5 1 2 6 1 2 7 1 2 5 1 20 1 0 7
3 0 0 10 1 0 5 1 0 7 1 0 8 1 0 9 z 08 z 0 4 94
3 0 0 11 91 93 94 95 94 91 8 3
3 0 0 12 79 81 8 2 83 83 8 0 74
4 0 0 8 I 38 z 40 z 41 1 4 1 1 3 8 131 1 1 4
4 0 0 9 1 1 7 1 1 9 1 2 0 120 1 1 8 113 100
4 0 0 1 0 IOO 102 1 0 3 1 0 4 1 0 3 99 88
4 0 0 11 8 7 8 9 9 0 90 9 0 8 7 78
4 0 0 12 76 78 79 79 79 76 70
5 0 0 8 1 32 134 135 1 3 4 1 31 1 2 4 1 0 7
5 0 0 9 112 1 1 4 1 1 5 1 15 1 1 3 1 0 8 95
5 0 0 10 9 7 9 8 zoo IOO 9 8 94 8 4
5 0 0 11 8 4 8 6 8 7 8 7 86 8 3 75
5 0 0 1 2 74 75 76 77 76 73 66
-P5
* 
.jps
*
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Table No*57
*wt.*«MQft « «  «m> *m tm cm mm mm mm.
s k
4 6oo
4 6oo
4 6oo
4 6oo
4 6oo
7oo 
700  
700  
700  
700
800  
800  
8 00  
8 0 0  
8 00
9 0 0  
900  
900  
4 900
4 9 00
4 1 00 0
4 1 0 0 0
4 1 00 0
4 1000
4 1000
H
S
£ = 7
8
M = . i
128
9 109
10 9 4
11 82
i  2 72
8 x 24
9 106
10 9 i
11 80
i  2 70
8 i  20
9 103
10 89
11 78
I  2 68
8 118
9 I O I
10 87
11 7 6
i  2 67
8 X I 5
9 9  9
10 86
11 75
1 2 66
T R E
E = 6  E =  5
M= . 1 5  M = *2
i  29 1 30
h i : 1 i  2
9 5 96
83 8 4
73 74
1 25 i  26
1 07 : 108
93 9 4
81 8 2
7 x 72
i  22 1 22
1 0 5 1 0 5
91 92
79 80
7 o 7 i
119 119
162 103
8q 89
7 8 78
68 69
116 116
100 I O I
87 88
76 77
67 6 8
S S E
E = 4 E=
M = .2  5 M=..
i  29 126
i n 109
9 6 95
8 4 83
74 74
1 2 5 i  22
108 106
94 92
82 81
72 72
i  21 118
105 102
91 90
80 79
7 i 70
118 114
1 62 100
8q 8 7
78 77
69 68
1 15 i n
100 97
87 85
77 75
68 6 7
E —  2 E = i
^=.3 5 m=*4
119 IOI
10 4 90
91 80
80 72
71 6 4
1 1 4 9 6
100 86
88 77
78 69
69 6 2
110 9 2
97 83
8 5 7 4
75 6 7
67 60
1 0 6 89
9 4 80
83 72
74 65
66 58
103 85
9 1 78
81 7o
72 83
6 4 57
C
a
O
iC
a
o
a
C
a
 
Oi
 
o
t;
 O
i 
O
r, 
C/
i 
u 
o
i 
u 
ca 
c
a
c
a
o
ic
n
o
i 
O
i 
cn 
ca 
oa
 
ca
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fable ITo.5
S T R E S S E S
K H E = 7 E=6 E“  5 E = 4 E=3 E=2 E=w•IIS M = . i 5 M=  • 2 M= , 3 5 M= . 3 M“ . 3 5 M=.
I C O 8 1 62 1 6 5 168 1 68 167 1 61 1 45
: i o o 9 1 36 139 1 41 : 142 1 41 1 37 i  25
I O O 10 I l 6 119 i  21 122 i  21 118 108
I O O 11 I O O 102 1 04 1 05 1 0 5 103 95
I O O i  2 8 7 89 91 92 92 90 8 4
200 8 1 4 5 : 1 47 149 149 1 4 6 1 40 1 23
■ 200 9 1 22 1 2 5 126 127 1:25 120 108
' 200 : 10 1 05 1 0 7 109 109 108 1 05 95
200 11 91 93 9 4 95 9 4 92 8 4
200 i  2 80 81 S 3 83 83 81 74
300 8 1 35 137 13S 13 7 1 35 1 28 h i
300 9 U S 117 118 118 116 h i 98
300 10 99 I O I 10 2 162 I O I 97 86
300 11 86 8 7 89 89 88 85 77
3 00 i  2 75 77 78 78 78 75 68
400 8 i  28 130 130 129 126 119 102
400 9 109 : i n 1 i  2 i n 109 1 04 91
400 10 9 4 96 97 97 9 5 91 81
400 11 82 8 4 85 8 5 8 4 81 72
400 i  2 72 73 7 4 75 74 7 i 6 4
500 8 122 1 24 1 2 4 123 i  20 112 95
500 9 1 05 1 0 6 107 107 1 0 4 99 85
500 10 91 92 93 93 91 87 76
500 11 79 81 81 82 80 77 68
500 i  2 70 7 i 72 72 71 69 61
La
 
La
 
La
 
La
 
La 
La
 
La 
La 
La
 
La
 
La 
La
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La
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S
T/IV H E=
M=.
600 8 118
600 9 : 101
600 10 88
600 ' 11 77
600 : 12 68
700 8 1 14
70 c 9 98
700 10 85
7oo 11 75
700 1 2 66
800 8 i n
800 9 9 6
800 10 83
800 : 11 73
800 12 6 4
900 8 108
900 9 93
900 10 81
900 : 11 7 i
900 12 6 3
5 i o o o  8 1 05
5 1 000  9 91
5 : 1000 10 80
5 : 1000  : 11 70
5 : 1000  : 2 2  62
T R E S S1 n. 
E=6
0
E=
M= * 1 5 M = . 2 M=;
119 119 118
103 103 103
89 90 90
78 79 79
69 7o ,70
U S 115 1 1 4
99 IOO 99
8 7 87 87
76 77 77
67 68 68
11 2 112 110
97 97 9 6
8 4 85 8 4
74 75 75
66 66 66
109 108 107
9 4 95 94
82 83 82
73 73 73
6 4 6 5 6 5
1 06 106 : 10 4
92 92 91
81 81 80
71 72 7 i
6 3 64 63
E S
E“ 3 E=2 E= 1
M= . 3 M= . 3  5 . 4
1 1 4 107 89
100 94 80
88 83 73
78 74 6 5
69 66 59
110 102 84
96 90 77
85 80 69
75 72 6 3
6 7 64 57
1 06 98 80
93 87 73
82 78 67
73 69 6 1
6 5 62 55
103 94 76
9 i 84 7o
80 76 64
7 i 68 59
6 4 61 53.
100 91 73
88 82 68
78 73 6 2
70 6 6 57
62 59 52
VO 
vO 
VO 
vO 
VO 
vO 
vO 
VO 
vO 
vO 
VQ 
vQ 
vo 
vo 
VO 
vOvOvOvOMD 
VO 
vo 
vO 
VO 
VO
7
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Table !Jo*S0
7A S I R E S S E S
K ' V
' //
. ./E“ V E—o t = 5 E=4 E=3 E=2
fo-.i H-.i 5 ivi- • 2 "= *35 n=.3 M*,3
IOO 8 153 150 158 158 1 56 1 50
100 9 1 29 132 133 134 133 128
100 10 110 113 114 115 114 I I I
100 1 1 95 90 99 100 100 97
1 00 12 83 85 87 88 88 85
2 q q 8 I36 138 139 138 13 6 I  29
2 q G 9 115 117 119 119 11 7 112
200 1 0 99 101 103 103 10 2 98
200 11 86 88 89 90 89 86
2 q q 1 2 76 77 79 79 79 76
300 8 126 127 128 127 124 116
300 9 107 109 110 110 108 102
300 10 93 95 96 9 6 94 90
300 11 81 83 84 84 83 79
300 1 2 7i 73 74 74 73 7i
400 8 119 I 2 q I  2o 119 115 108
400 9 102 103 I04 103 IOI 95
4OO 10 88 90 91 90 89 84
400 11 77 79 80 80 78 75
400 1 2 68 7o 70 71 7o 67
5°o 8 113 114 1X4 113 109 101
500 9 98 99 99 98 96 90
500 10 85 86 87 86 85 80
5°° 11 74 76 76 76 75 7i
500 1 2 66 67 63 68 67 64
E=i
M=.4
133 
11 6 
I O I
89
79
112
99
87
78
6 9
99
89
79
7 i
6 4
90  
81
73
66
6 0
83
76
6 9
62
57
VOVOVOVOVO 
VO 
vo 
vo 
\£> vo 
vo 
vo 
vo 
vo 
vo 
vo 
vo 
vq 
vO 
vo
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Table I>To61
S T R E S S E s
K H E=? E=6 E = s E = 4 E=3 E= 2 E=
M = . 1 M = . i  5 M = . a H = . 2 S M= . 3 . 3 5 M= .
600 8 ' 109 110 109 108 10 4 9 5 77
600 9 9 4 9 5 9 5 9 4 9 2 85 7 i
600 10 82 83 8 4 83 81 76 6 5
600 11 72 73 74 74 72 68 59
600 1 2 6 4 65 66 6 5 6 4 61 54
700 8 105 106 1 0 5 103 99 9 1 72
700 9 9 i 9 2 9 3 9 i 88 8 2 68
700 I D 80 81 81 80 78 73 62
700 I I 70 7 i 72 71 70 66 57
700 I  2 6 2 63 64 6 4 62 59 5 3
8 0 0 8 1 62 1 62 I  G 2 IOO 9 5 87 68
8 0 0 9 88 89 89 88 85 79 64
800 10 77 78 79 78 7 6 71 60
800 11 68 69 70 69 68 64 55
800 1 2 61 62 62 62 61 58 50
9 00 8 99 99 99 9 6 92 83 6 5
9 0 0 9 86 87 87 8 5 8 2 76 61
9 00 10 76 76 77 76 74 69 57
900 11 67 68 68 6 8 6 6 62 53
9 0 0 i 2 59 60 61 60 59 56 48
1000 S 9 6 96 9 6 93 89 80 61
100 0 9 8 4 85 8 5 83 80 73 59
1000 : 10 74 75 75 74 72 67 55
1000 11 6 5 6 6 67 6 6 6 4 60 5 i
1000 1 2 58 59 59 59 58 55 47
•'-J 
-~J 
-~J 
'—
3 
■'-O 
—3 
*~3 
«»J 
•x
-J
-'J
'-O
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^ i.«* *✓ **.-w a,-< W v-’" -’.>•-
S T R E S S E S
K H E~7 E~6 E= 5 E= 4 E=3 E=2 E=x
M = .i M = .i 5 M= . 2 M=. 2 5 M=.3 M=.35 M= • 4
I oo 8 144 1 47 1 48 1 48 1 46 139 123
I oo 9 122 125 1 26 127 125 120 1 0 7
I oo 10 105 107 x 09 109 108 105 94
I oo 11 91 93 95 95 95 92 84
I oo 1 2 80 82 83 84 83 8 x 74
200 8 1 27 1 29 i3o x 29 126 1 x8 IOI
200 9 1 09 I X I i n i n 109 104 90
200 10 94 96 97 97 95 9i 81
200 11 82 84 85 85 84 81 72
200 1 2 72 74 75 75 74 72 6 5
3 oo 8 117 119 119 118 114 106 88
3oo 9 I ox I 0 2 1 o3 10 2 100 94 80
3oo 10 88 89 90 90 88 83 72
3oo 11 77 78 79 79 78 74 6 5
3 oo 1 2 68 0 9 7o 7o 69 66 59
400 8 1 xo ill I X  1 I XO 106 97 79
400 9 95 90 97 96 93 87 73
400 1 0 83 84 85 84 8 2 78 67
400 11 73 74 75 75 73 7o 61
400 1 2 6 5 66 66 66 6 5 62 55
500 8 105 I © 6 105 103 99 91 72
500 9 9i 92 92 9i 88 82 68
500 10 80 81 81 80 78 73 62
500 11 7o 71 72 7i 7o 66 57
500 1 2 62 63 64 64 83 59 52
•-J 
~-J 
-O 
-J 
'-J 
-0 
-~J 
~-J 
'■J 
"J 
"<1 
3^ 
vJ 
*--4
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Table Ho *63
awtm *m mm <*» i F i iw»-* w *w *w
S T H E S S E S
K H E=? E=-o E = 5 E= 4 E=3 E=2 E = i
M = . i M=« i  5 M - .  2 M = • 25 M= . 3 M= . 3 5 M-  • 4
6 00 8 1 00 I O I 1 00 98 9 4 85 67
6 0 0 9 87 88 86 87 8 4 77 6 3
6 00 1 0 77 78 78 77 75 7o 59
60 0 11 6 8 69 69 69 67 63 54
6 0 0 1 2 6 0 6 1 0 2 61 6 o 57 49
7oo 8 90 9 ? 9 6 9 4 89 81 62
l o o 9 84 85 85 83 8 0 7 4 , 59
l o o 10 74 75 75 74 72 6 7 55
l o o 11 6 6 67 67 66 6 5 61 5 i
l o o 1 * 5 * 59 60 60 58 55 47
8 00 8 93 9 3 93 90 85 76 58
8 0 0 9 8 2 82 8 2 81 77 7o 5 6
8 0 0 1 0 72 73 73 72 69 6 4 53
8 0 0 11 84 6 5 6 5 64 63 58 49
8 0 0 1 2 57 5* 58 58 5 6 53 45
9 00 8 9 0 9 0 89 87 82 73 54
9 00 9 79 8 0 80 78 74 68 53
9 00 1 0 7 o 71 7 i 7 o 67 62 50
9 0 0 11 6 2 6 3 63 6 3 61 57 47
9 0 0 1 2 5 ° 57 57 5 ° 55 5 2 44
1 0 0 0 8 86 88 87 84 79 7o 51
1 0 0 0 9 7 7 76 7 7 7b 72 6 5 50
1 0 0 0 1 0 69 69 69 68 6 5 60 48
1 0 00 11 61 0 2 t> 2 61 59 55 45
1 0 00 1 2 55 55 5 ° 55 54 50 42
oo 
co 
co 
od 
co 
co 
co 
oo 
oo 
co 
cooocococo 
cococococo 
cooococooo
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Table
S T R E S S E S
K H E- 7 e“ 5 E=4 E=3 E™ 2 E=i
M=.x ,v‘~* i 5 W— • M=.2 S M=.3 M=.35 M=.4
ICO 8 1 36 I 40 1 41 141 138 i3i 114
I oo 9 116 118 x 19 I 19 118 1 X2 99
I oo 10 100 10 2 103 104 I  0 2 98 88
IOO 11 87 89 90 9 1 90 87 78
I OO 1 2 76 78 79 80 79 77 7o
•200 8 x 20 1 22 1 22 121 Il8 110 92
200 9 103 104 105 104 I 0 2 9 6 82
200 10 89 9i 91 91 89 85 74
2QO 11 78 79 80 80 79 76 6 7
2 OO 1 2 69 7o 7i 7x 7o 68 . 6j
300 8 1X0 1X2 1X 2 110 108 98 80
3oo 9 95 9 6 9 6 95 92 86 72
3o q 10 83 84 8 4 8 4 82 77 66
3o o I X 73 74 75 74 73 69 60
3oo 1 2 6 4 66 6 6 66 65 62 55
400 8 103 104 104 10 2 98 89 71
400 9 89 90 90 89 86 79 65
400 1 0 78 79 79 79 76 72 60
400 11 69 7o 7o 70 68 65 55
400 1 2 61 62 63 63 61 58 5i
500 8 9 8 98 98 9 6 9i 82 64
500 9 85 85 85 84 81 74 60
500 x 0 75 75 76 75 72 67 56
500 11 66 67 67 67 6 5 61 52
500 1 2 59 6 q 6 0 60 59 55 48
Table No#65
S T R
s K H E=7 E=6H•Its 10 w •11
8 6oo 8 93 9 4
8 6oo 9 81 82
8 6oo 1 0 72 72
8 6 q o 11 64 64
8 6oo 1 2 57 58
8 7oo 8 9 0 90
8 7oo 9 78 79
8 7oo 10 69 7o
8 7oo 11 62 62
8 7oo 1 2 55 5 6
8 8oo 8 86 86
8 8oo 9 76 76
8 8oo 10 67 68
8 8oo 11 6 0 61
8 8oo x 2 54 54
8 9 oo 8 83 83
8 9 0 0 9 73 73
8 9 00 10 6 5 66
8 9 0 0 11 58 59
8 9 0 0 1 2 5 2 53
8 1 0 0 0 8 81 81
8 1 0 0 0 9 7i 7 i
8 1 0 0 0 10 64 64
8 1 0 0 0 11 57 57
8 1 00 0 1 2 5 i 5 2
E S S E S
E = 5 E=4 E=3 E=2 E=
M = .  2 M = . 2 5 M = . 3 M=.
93 91 86 77 58
81 80 76 7o 55
72 7 i 69 64 5 2
6 5 6 4 62 58 49
58 58 5 6 53 45
89 86 81 72 53
78 76 73 66 5 i
7o 69 66 6 j 49
62 62 6 0 56 46
5 6 5 6 54 5 i 43
85 82 77 68 49
75 73 7o 83 48
67 66 64 58 46
6x 60 58 53 44
55 54 5 2 49 41
82 79 74 6 5 45
73 7 i 67 60 45
6 5 64 61 5 6 44
59 58 5 6 5 2 42
53 53 5 i 47 40
79 76 7 i 61 42
7 i 69 6 5 57 42
6 4 6 2 59 54 42
57 5 6 54 50 40
5 2 5 i 50 46 38
vO 
vD 
MD 
VO 
VO 
vO
vO
vO
vO
vO
 
vQ 
vO 
vO 
vo 
vO 
vO
vO
vO
vO
vO
 
vO 
VO 
vO 
vO 
vD
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VS. >1/ .JU 7«W» v  ft *.,/
*»*»««*««1 «i» mu w m * »» pa
S T R E S S E S
K H E“ 7 £=6 E= 5 E= 4 E=3 E=2 E=
M - .  1 M = . i 5 i i ~ .  2 M = . 2 5 H= . 3 M= . 3 5 M=.
100 8 131 133 1 34 133 i 3 o 1 23 106
IOO 9 i n 1 12 113 i i 3 h i 106 92
100 10 95 97 98 98 9 7 93 82
IOO 11 83 85 86 86 85 82 74
1 00 1 2 73 7 5 76 76 76 73 66
200 8 1 14 115 115 114 110 102 84
200 9 97 98 99 98 95 89 75
200 10 84 86 £6 86 84 79 68
200 11 74 75 76 76 75 71 62
200 1 2 66 67 68 68 67 6 4 5 6
3 00 8 104 105 105 103 98 90 7 i
3 00 9 89 9 0 90 89 86 79 6 5
3 00 10 78 79 79 79 76 71 6 0
3 0 0 11 69 7o 7 o 7o 68 64 55
3 00 1 2 61 62 63 63 61 58 5 i
400 8 97 97 97 95 90 81 62
400 9 84 84 84 83 79 73 58
400 10 73 74 74 73 7 i 66 54
400 11 6 5 66 60 66 64 6 q 5 i
400 1 2 58 59 59 59 58 54 47
500 8 9 2 9 2 91 88 83 74 55
500 9 79 80 79 78 74 67 53
500 10 7o 71 7o 69 67 62 50
500 11 62 6 3 63 62 60 5 6 47
5°  0 1 2 5 6 5 6 57 5 6 55 5 i 44
v
o
v
o
v
O
v
O
V
Q
 
V
O
v
O
v
O
v
O
v
O
 
vo 
VO 
vO 
vD 
'O 
V
O
v
O
v
O
v
O
v
O
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fable !!o*6?
<*» «*•«*»
S T  R E S S E S
K H E = 7 E = 6 E= 5 E= 4 E = 3 E = 2 E =  1
M = . - i M = * i  5 M = ; - s M = . 2 5 « = . 3 ^ . 3  5
6 0 0 8 8 7 8 7 8 6 8 3 78 6 9 So
6 0 0 9 76 76 75 7 4 70 63 48
6 0 0 10 6 7 6 8 6 7 6 6 6 3 58 4 6
6 0 0 x 1 60 60 6 0 6 0 58 53 4 4
6 c o 12 5 4 54 54 54 5 3 49 4 1
7o o 8 83 8 3 8 2 79 7 4 6 4 45
7 0 0 9 73 7 3 72 70 6 6 59 44
7 0 0 : 10 6 S 6 5 6 5 6 3 6 1 55 43
7 o o : 11 58 5 8 5 8 57 55 5 i 41
l o o 12 53 53 53 5 3 5o 4 7 39
8 0 0 8 80 8 0 78 7 5 7o 60 41
8 0 0 9 70 7 o 6 9 6 7 6 3 5 6 41
8 c c 10 6 2 6 3 6 2 61 58 53 40
8 0 0 11 S6 57 5 6 55 5 3 49 3 9
8 0 c 12 5° 51 51 50 49 45 3 7
9 0 ° 8 77 7 7 75 72 6 6 57 3 7
9 0 0 9 6 8 6 8 6 7 6 5 61 53 3 8
9 0 0 10 6 1 6 1 6 0 59 5 6 5o 3 8
9 0 0 ' 11 55 55 55 5 4 5 i 4 7 3 7
9 0 0 ' 12 4 9 50 5° 4 9 47 44 3 5
1 0 0 0 8 7 4 7 4 7 2 6 9 8 3 53 3 4
1 0 0 0 9 6 6 6 6 6 5 6 2 58 5 i 35
1 0 0 0 : 10 59 59 59 57 5 4 48 3 6
1 0 0 0 ■ 11 53 53 53 5 3 50 4 5 3 5
1 0 0 0 12 48 48 48 48 4 6 42 3 4 *
TABLE NO'S 68 to 81
Edge loading condition
Total load P = 12000 lb/inb
2Tyre pressure = 80 lb/in .
CO 
CO 
CO 
co 
co 
CO 
CO 
CO 
CO 
CO 
CO 
O') 
CO 
CO 
CO 
CO 
CO 
CO 
CO 
co 
co 
CO 
co 
CO
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able Bo, f O • OO
S T R 
S K H E = 7 E= 6 
M =. i M = • 15
I 00 371 3 7 4
100 9 307 3 1 0
100 1 0 259. 2 6 1
I o o 11 2 2 1 2 2 3
I o o 12 191 *93
2 0 0 8 340 342
2 0 0 9
Q2 d  3 2 8 5
2 0 0 10 2 39 2 4 1
2 00 11 2 0 4  . 2 0 6
2 0 0 12 1 7 7 1 7 9
3° ° 3 3 2 1 3 2 3
3 00 9 2 6 8 2 7 0
3°0 1 0 2 2 7 2 2 0
3 0 0 11 19 5 1 9 6
3 0 0 1 2 1 6 9 1 7 0
4 0 0 OO 3 0 8 31 0
4 0 0 9 2 5 8 259
4 0 0 1 0 2 1 9 2 2 0
4 0 0 11 183 1 8 9
4 0 0 1 2 1 6 3 1 6 4
5 0 0 O0 2 9 8 2 9 9
5 0 0 9 2 5 0 2 5 1
5 0 0 10 2 1 2 2 * 3
5 0 0 11 T O -I u 2 1 8 4
5 0 0 1 2 1 5 8 1 6 0
IT1— S S rrL- Q
E ” 4 E = 3 E — 2 E = i
M = . 2 M= . 2 5 M=.3 M= . 3  5 M =. 4
3 7 8 3 7 5 3 7 i 3 6 1 3 3 5
3 1 2 3 * 1 3 ° 9 3 0 1 281
2 6 3 2 6 3 2 6 1 2 5 5 2 3 9
2 2 5 2 2 5 2 2 3 21 9 20 6
1 9 4 2 95 1 9 4 1 9 0 1 79
3 4 3 3 4 1 3 3 6 3 2 5 2 9 9
2 8 5 2 8 5 2 8 1 2 7 3 2 5 2
2 4 2 2 4 1 2 3 9 2 3 2 2 1 6
2 0 7 2 0 7 2 0 5 2 0 0 1 8 6
1 8 0 1 8 0 1 7 8  . 1 7 4 1 6 3
3 2 3 3 2 1 3 1 6 3 0 5 2 7 8
2 7 0 2 6 9 26 5 2 5 6 2 3 5
2 2 9 2 29 2 2 6 2 1 9 20 2
2 9 7  ' 1 9 7 1 9 4 1 8 9 1 7 5
1 7 1 1 7 1 1 69 1 65 1 53
3 1 0 3 0 7 3 0 2 2 9 0 2 6 2
2 5 9 25 U 0 C A* j *+ 2 4 5 2 2 4
2 2 0 2 20 2 1 6 20 9 1 9 2
1 9 0 I 8 9 1 8 7 1 8 1 1 6 7
1 65 1 6 5 163 1 58 1 4 7
2 9 9 29  6 29 I 2 7 8 2 5 2
2 5 1 2 49 2 4 5 2 3 6 2 1 4
2 1 4 2 1 3 20 9 20 2 1 8 5
1 0 4 O1 03 l 8 l 1 7 5 161
1 6 0 1 6 0 1 5 8 1 53 1 41
CO 
CO 
CO 
CO 
CO 
CO 
CO 
CO 
CO 
CO 
CO 
CO 
CO 
CO 
CO 
CO 
CO 
CO 
CO 
CO 
CO 
CO 
CO 
CO
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table no*($9
T R
I\ H E = 7 E=
M= • 1 M = •
6 0 0 8 2 9 0 2 9 1
6 0 0 9 2 4 3 2 4 4
6 0 0 10 2 0 7 20 3
6 0 0 11 1 7 S 1 7 9
6 0 0 12 1 5 5 1 5 6
0 0 0 8 2 8 3 2 8 4
7 0 0 9 2 3 8
O2 3 0
7 0 0 10 2 0 2 2 0 3
7 0 0 11 1 7 4 1 7 5
7 0 0 1 2 1 5 2 1 5 3
8 0 0 3 2 7 7 2 7 7
3 o o 9 2 3 3 2 3 4
8 0 0 10 1 9 8 1 9 9
3 oo 11 1 7 1 1 72
8 0 0 12 1 49 1 50
9 0 0 0u 2 7 2 2 7 2
9 0 0 9 2 2 9 2 2 9
9 0 0 10 1 9 5 1 9 6
9 0 0 11 1 6 3 1 6 9
9 0 0 12 1 4 7 147
1 0 0 0 3 2 6 7 2 6 7
1 0 0 0 9 2 2 5 2 2 5
1 0 0 0 10 1 9 2 1 9 3
1 0 0 0 11 1 66 1 6 6
1 0 0 0 12 M 5 M 3
c- 0 O r 5
p — , E> 3 E= 2
1— _£L —
M = • 2 5 m = . 3 M:=* 3 : ** _) 1 *
2 8 8 2S1 2 6 9 2 41
2 4 2 2 3 3 2 2 8 20 7
20  7 2 0 3 1 9 6 I 7 9
1 7 9 1 7 6 1 70 I  56
1 5 6 1 54 1 49 * 37
2. 3 0 2 7 4 2 6 1 . 2 3 3
2 3 6 2 3 2 2 2 2 2 0 0
2 0 2 19 9 191 1 7 4
i  75 1 72 1 6 6 1 5 2
1 5 2 1 50 1 4 5 1 3 4
2 7 3 2 6 7 2 5 4 2 2 6
2 3 1 2 2 6 2 1 7 1 9 5
1 9 8 1 9 4 1 8 7 1 6 9
1 71 1 68 1 6 2 1 40
1 4 9 1 4 7 142 1 3 0
2 6 8 261 . 02 4 0 2 20
2 2 7 2 2 2 2 1 2 190
1 9 4 1 9 1 T R -1 0 J 1 6 5
1 0 0 1 6 5 1 5 9 1 4 5
1 4 7 1 4 5 1 40 1 28
2 6 3 2 5 6 2 4 3 2 1 4
2 2 3 21 3 2 0 8 1 06
191 1 8 7 1 79 1 6 2
1 85 1 6 3 1 5 6 1 4 2
M 5 1 4 2 1 3 7 1 2 5
pi—
p  —i - —
M —i i — •
2 9 0
2 4 4
2 0 S
1 7 9
1 5 6
2 8 3
2 3 8
-n r\ •*>■*u J>
1 7 6
1 5 3
2 7 7
2 3 3
1 9 9
1 7 2
1 5 0
2 7 1
2 2 9
1 9 6
I  6 9
I  4 8
2 6 6
2 2 5
1 9 2
1 6 6
2 4 5
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fable Wo*?0
w -<w»4WBt'Hw stu g» wi» w*
0 T . E p Q O Oi O E 3
s K H E = 7 E = 6 E = s „ E = 4 E= E= 2 E=
M = .  1 M = . i  5 M = * 2 i ' i -  . 2 5 M= . 3 ^ = • 3 5 M — 11—*
4 I  00
00 3 5 7 3 5 9 3 6 0 3 59 3 5 5 3 4 4 3 1 8
4 I OO 9 2 9 6 2 9 b 3 0 0 2 3 9 29 6 2 8 8 2 6 8
4 I  0 0 1 0 250. 2 5 2 2 5 3 2 5 3 2 5 ^ 2 4 5 22 9A I OO 11 2 1 4 2 1 6 2 1 7 21 7 2 1 6 211 19 7
4 I  OO 1 2 1S5 1 8 7 1 8 8 1 3 3 1 8 7 1 83 1 7 2
4 200 0u 3 2 5 3 2 7 3 2 7 . 3 2 5 -"J 0 O 3 ° 9 202
4 200 9 2 7 1 2 7 3 2 7 3 2 7 2 2 6.9 2 60 2 3 9
4 200 10 2 3 0 23 1 2 3 2 2 3 2 2 2 9 2 2 2 20 s
4 2 00 11 1 9 7 1 9 9 2 0 0 1 9 9 I 9 7 1 9 2 1 7 3
4 2 0 0 1 2 1 7 1 1 7 3 1 7 3 1 7 3 I 7 2 1 6 7 I  56
4 3 0 0 3 3 °  7 3 0 8 3 0 8 3 0 6 3 ° °
n  02 0 0 261
4 3 0  0 9 2 5 7 2 5 8 2 5 8 25 7 2 5 3 2 4 4 22  2
4 3OO 10 2 i 3 2 1 9 2 2 0 2 1 9 2 1 6 20 9 I  92
4 3 0 0 11 1 8 7 1 8 9 1 8 9 1 89 13 6 1 3 i 1 6 7
4 3 0 0 1 2 1 6 3 1 6 4 1 6 5 1 6 5 1 63 1 53 1 4 7
4 4 0 0 8 2 9 4 2 9 5 2 9 4 29 2 2 8 6 2 7 3 2 4 5
4 4 0 0 9 2 4 6 2 4 7 2 4 7 2 4 6 2 4 1 2 3 2 21 0
4 4 0 0 10 2 1 0 211 2 11 2 1 0 20 7 1 9 9 l 3 2
4 4 0 0 11 1 3 1 1 8 2 1 8 2 181 1 7 9 * 73 1 5 9
4 4 0 0 1 2 1 5 7 1 5 8 * 59 1 53 1 5 6 1 5 2 I 4 0
4 5 0 0 8 2 8 4 28 4 28 3 28  1 2 7 4 2 6 2 2 3 4
4 5 0 0 9 23.3 2 3 9 2 3 9 2 3 7 2 3 2 2 23 20 I
4 5 0 0 1 0 2 0 3 2 0 4 20  4 2 0 3 199 1 9 2 17 5
4 5 0 0 11 1 7 5 1 7 6 I 7 6 1 7 6 1 7 3 1 6 7 1 5 3
4 5 0 0 1 2 1 5 3 1 5 4 1 5 4 153 151 1 4 6 I  35
.£>
. 
-ps
. 
-fa
. 
-ph
. 
-!>» 
4a
. 
-fa
. 
-fa
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Table_No .71
S T R
K H E =  7 E=<
M = * i M = . :
6 0 0 8 : 2 7 5 : 2 7 6
6 0 0 9 : 2 3 2 : 2 3 2
6 0 0 . 10 1 9 8 1 9 9
6 0 0 11 1 7 1 : 1 7 2
6 0 0 i  2 1 49 1 5 0
7 0 0 8 2 6 8 2 6 9
7 0 0 9 : 2 2 6 : 2 2 7
7 0 0 10 1 9 3 1 9 4
7 0 0 11 1 6 7 1 6 8
7 0 0 i  2 1 4 6 x 47
8 c  0 8 : 2 6 2 . 2 6 2
8 0 0 9 2 2 1 : 2 2 2
8 0 0 1 0 1 8 9 ■ 1 9 0
Soo 1 1 1 6 4 2 6 5
8 0 0 i  2 2 43 1 4 4
9 CO nO : 2 5 7 : 2 5 7
9 0 0 9 : 21 7 2 1 8
9 0 0 10 1 8 6 1 8 7
9 0 0 11 1 6 1 1 6 2
9 0 0 i  2 1 4 1 1 41
1 0 0 0 8 2 5 2 : 2 5 2
1 0 0 0 9 ' 2 1 3 . 2 1 4
1 0 0 0 I D 1 8 3 1 8 3
1 0 0 0 I  I 1 59 2 59
I c o o i  2 2 3 9 1 3 9
S S E S
E— 4 E = 3 E = 2 E = i
M = . 2  5 M= . 3 .  3 5 •
tlSC
2 7 2 2 6 5 : 2 5 3 2 2 4
2 3 0 2 2 5 2 1 6 2 9 4
2 9 7 1 9 4 1 8 6 1 6 8
x 71 1 6 8 1 6 2 I  48
1 49 2 47 1 42 1 3 0
2 6 4 2 5 8 : 2 4 5 2 l 6
2 2 4 2 1 9 • 2 0 9 18 7
2 9 2 1 8 9 1 8 1 2 8 3
1 6 7 1 6 4 2 5 8 2 43
1 46 1 4 4 2 3 9 1 2 7
2 5 8 2 5 1 : 2 3 8 2 0 9
2 1 9 2 1 4 ' 20  4 1 8 2
1 8 8 1 8 4 2 7 7 2 59
1 63 1 6 0 2 5 4 1 40
1 43 1 41 1 3 6 1 2 4
2 5 2 2 4 5 2 3 2 2 0 3
2 1 4 2 0 9 2 9 9 2 7 7
1 8 4 1 81 2 7 3 2 5 5
1 6 0 1 5 7 2 52 2 3 6
1 41 1 3 8 1 3 3 1 21
2 4 7 3 4 0 2 2 6 2 9 7
2 1 0 2 0 5 29  5 x 72
1 8 1 2 7 7 1 6 9 2 52
1 58 2 55 1 48 23 4
1 3 8 1 3 6 1 31 1 1 9
E
E= 5
H=.a
3 7 5
232
199
1 72
x 50
267
£26
1 9 4
168
1 47
261
2 2 1
1 9 0
1 6 5
1 4 4
3 5 5
21 7
186
162
1 42
2 50
213
183
1 59
139
Cl
 
On
 
On
 
On
 
On
 
On
 
Cn
 
On
 
On
 
On
 
On
 
On
 
On
 
On
 
On
 
On
 
On
 
On
 
On
 
On
 
O
n.
 
On
 
On
 
On
 
O
n
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Table Ko*72**» «*» «■* *s* «o> ao» *•» **» «*• <u* «*
rvO T R E s  s E S
T/ H E = ? E = 6 P =  r' *- 5 E = 4 F =  n E = 2 E = i
M = .  1 M•I! M= .  2 M = . 2 5 m= . 3 M = . 3 5 M= .  4
I O O 8 3 4 3 3 4 5 3 4 8 3 4 5 3 4 0 3 2 9 3 0 2
I  00 9 2 8 5 2 8 8 2 8 8 2 8 8 2 8 4 2 7 6 2 5 6
I  o o 1 0 2 41 . . 2 4 3 2 44 2 4 4 2 4 2 2 3 5 2 1 9
I  o o 11 2 0 7 2 0 9 21.0 2 1 0 2 0 8 2 0 3 1 90
I O O 1 2 1 8 0 181 1 8 2 1 8 2 1 8 1 1 7 7 1 6 6
2 0 0 8 3 1 2 3 1 3 3 2 3 3 1 1 3 0 5 2 9 3 2 6 6
2 0 0 9 2 6 1 2 6 2 2 6 2 2 6 1 2 5 7 2 4 8 2 2 7
200 1 0 2 2 1 2 2 3 2 2 3 2 2 3  ■ 2 20 2 1 3 1 9 6
2 00 11 1 90 1 9 2 1 9  2 1 9 2 I 9 0 1 8 4 1 7 0
200 1 2 1 6 6 1 6 7 i  68 1 6 7 l 66 1 6 1 150
3 00 8 29 3 2 9 4 2 9 4 2 9 1 2 8 5 2 7 3 2 4 5
3 0 0 9 2 4 6 2 4 7 2 4 7 2 4 5 2 4 I 2 3 2 2 1 0
3 0 0 1 0 2 1 0 2 1 1 2 1 1 2 1 0 20 7 1 99 1 8 2
3 0 0 11 1 81 1 8 2 1 8 2 1 8 2 i  79 1 73 1 5 9
3 0 0 1 2 1 5 7 1 5 9 1 5 9 159 1 5 7 1 52 1 40
4 0 0 8 2 8 0 2 81 2 8 0 2 7 7 2 7 1 2 5 8 2 3 0
4 0 0 9 2 3 6 2 3 7 2 3 6 2 3 4 2 3 0 2 20 1 9 8
4 0 0 1 0 2 0 1 2 0 2 2 0 2 20 1 1 9 7 1 90 1 7 2
4 0 0 11 1 7 4 1 7 5 175 1 74 171 1 6 5 1 5 i
4 0 0 ,1 2 1 5 2 * 5 3 153 1 5 2 1 5 0 1 45 * 3 3
5 0 0 8 2 7 0 2 7 0 2 6 9 2 6 6 2 5  9 2 4 7 2 1 8
5 0 0 9 2 2 8 2 2 8 2 2 8 2 2 6 221 2 11 189
5 0 0 1 0 19 5 195 195 1 9 4 1 9 0 1 8 2 1 6 5
5 0 0 11 1 6 8 1 69 I  69 1 6 8 1 6 5 1 59 1 45
5 ° ° 1 2 1 47 1 48 I  4 0 1 4 7 1 4 5 1 40 1 2 8
Cn
 
cn
 
cn
 
Cn
 
cn
 
u 
Cn
 
01
 
u 
U 
Cn
 
cn
 
cn
 
Cn
 
cn
 
Cn
 
Cn
 
Cn
 
Cn
 
Cn
 
Cn
 
cn
 
Cn
 
cn
 
C
n
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s T  R E S S E S
K H E = 7 E = 6 E= 5 E =  4 E= 3 E = 2 E=
H= • 1 M » . i 5 M = . 2 M = . 2 S M= . 3 m= . 3  5 M= .
6 0 0 8 2 6 2 ' 2 6 2 2 6 0 : 2 57 2 5 0 : 2 3 7 20 9
6c  0 9 2 2 1 2 2 2 2 2 1 ■ 2 I  9 2 1 4 • 20  4 1 8 1
6 0 0 10 I 8 9 1 9 0 I  9 0 I  88 1 8 4 1 7 7 1 5 9
6 0 0 11 1 6 4 1 6 5 1 6 5 1 6 4 1 6 1 1 5 4 1 40
6 0 0 12 M -3 1 4 4 1 4 4 1 4 4 x 41 1 3 6 1 2 4
7 0 0 8 2 5 5 : 2 55 2 53 . ' 2 5 0 2 43 • 2 2 9 2 0 0
700 9 . 2 1 6 . 2 1 6 21 5 : 2 1 3 20 8 1 9 7 1 7 5
7 0 0 10 1 8 5 1 8 5 1 8 5 1 8 3 1 79 1 7 1 1 5 4
7 0 0 : 11 1 6 0 1 6 1 1 6 r 1 6 0 1 57 1 50 1 3 6
7 0 0 : 12 1 4 0 1 4 1 1 4 1 ' 1 40 1 3 8 1 3 3 1 2 0
8 0 0 8 2 49 • 2 4 8 2 4 7 : 2 4 3 2 3 6 • 2 2 2 1 9 3
8 0 0 9 2 1 1 ■211 2 1 0 ■ 20  7 26 2 1 9 2 1 6 9
8 0 0 : 10 181 x 8 1 181 1 79 1 7 5 1 6 7 1 49
8 0 0 : 11 1 57 1 58 1 57 1 5 6 1 53 1 4 7 1 3 2
8 0 0 : 12 1 3 8 1 38 1 3 8 1 3 7 1 3 5 1 3 0 117
9 0 0 8 2 4 3 : 2 4 3 2 4 1 : 2 3 7 2 3 0 21 6 1 8 7
9 0 0 9 20 7 ■ 20 7 20  6 2 0 3 1 9 8 1 8 7 i 6 5
9 0 0 10 I  78 X 78 I  77 1 7 5 171 1 6 3 145
9 0 0 11 1 5 4 1 5 5 154 1 53 150 1 4 3 1 2 9
9 0 0 1 2 1 3 5 : 1 3 6 1 3 6 1 3 5 1 3 2 1 2 7 115
1 0 0 0 8 2 3 8 2 3 8 2 3 6 : 2 3 2 2 2 5 • 2 1 1 1 8 2
1 0 0 0 9 2 0 3 : 2 0 3 20  2 199 193 1 8 3 160
1 0 0 0 ; 10 175 1 7 5 1 7 4 1 7 2 1 68 1 60 1 42
1 0 0 0 11 1 5 2 1 5 2 x 52 1 50 1 4 7 1 41 126
1 0 0 0 12 133 13  4 1 3 4 1 3 2 1 3 0 1 2 4 1X2
' 
-AO 
vp 
VO 
vQ 
vO 
vO 
vO 
VO 
vO 
VO 
VO 
VO 
VQ 
vo 
VQ 
VO 
vo 
vO 
vo 
VQ
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:Table Bo*?*
/'/
■ 7/ S T R F S S E S
/ « H £ = 7 E =  6 TT— t•-“ 5 E=  4 E> 3
c-3II
LU E = i
k M = • 1
TvT — 7 ti t - ,  i  5 [' 1 —, 2 I t  = ,  2 5 m = , 3 H = , 3 5 M= , 4
i1 o o 4 8 3 3 0 3 3 2 3 3 3 3 3 1 3 2 6 3 i  5 2 8 8I 0 0) S' 9 2 7 6 2 7 7 2 7 8 2 7 7 2 7 4 2 6 5 2 4 4
I  00 ,^jS. 1 0 2 3 4 2 3 5 2 3 6 2 3 6 2 3 3 2 2 6 2 1 0
i  o o'lI'll /-" 2 0 1 20 2 2 0 3 2 0 3 20  1 1 9 6 1 8 2
100 1 2 / 1 7 4 I 7 6 1 7 7 1 77 1 7 5 1 7 1 1 6 0
/
2 0.b ■a  ' 2 9 9 3.0 ° 3 0 0 2 9 7 2 91 2 7 9 2 5 2
2 0 0 v 9' . 2 51 2 5 2 2 5 2 2 5 0 2 4 6 2 3 7 21 5
2 0 0 10 2 1 3 2 1 5 2 1 5 2 1 4 211 20 4 1 8 7
20  0 11 T P 110 4 1S5 1 8 6 1 8 5
O1 0 3 1 7 7 1 6 3
2 0 0 12 1 6 0 1 6 2 1 6 2 1 6 2 1 60 1 55 1 4 4
3 00 3 2 81 0 CO M 2 8 0 2 7 7 2 7 1 2 5 8 2 3 0
3 0 0 9 2 3 6 2 3 7 23  7 2 3 5 2 3 0 2 21 1 99
3 ° 0 10 2 0 2 2 0 3 2 0 3 20 1 1 9 8 1 9 0 1 7 3
3 0 0 11 1 7 4 1 7 5 1 7 6 1 7 5 1 7 2 1 6 6 1 5 2
3 0 0 1 2 1 5 2  ■ 1 5 3 1 5 4 1 5 3 151 1 4 6 * 3 4
4 0 0 8 2 6 7 2 6 8 2 6 7 2 6 3 2 5 7 2 4 4 21 5
4 0 0 9 2 2 6 2 2  6 2 2 6 2 2 4 2 1 9 20  9 1 8 7
4 0 0 1 0 1 9 3 I 9 4 1 9 4 1 9 2 1 89 181 1 63
4 0 0 11 1 6 7 1 6 8 1 6 8 1 6 7 1 6 4 1 58 1 44
4 0 0 1 2 1 4 6 1 4 7 1 4 7 1 4 7 1 4 4 1 39 1 27
5 0 0 3 2 5 7 2 5 7 2 5 6 2 5 2 2 4 6 23 2 20 4
5 ° o 9 2 1 3 2 i S 2 1 7 2 1 5 2 1 0 2 0 0 1 78
5 0 0 10 1 8 7 lS7 1 8 7 1 8 5 1 8 2 1 7 4 1 5 6
5 0 0 11 1 6 2 I 6 3 1 6 3 161 1 5 8 1 5 2 138
5 0 0 1 2 1 4 2 1 4 3 1 4 3 1 4 2 * 39 1 34 1 2 2
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r*0 T  R E S  . S E C;
s K H E =7 E = 6 £ = 5 E>4 E>3 E = 2 E = i
M = . i
M•11
12 M — * 2 M =  . 2  5 H=.3 m = . 3 5 M =  .  4
6 6 o o 8 2 4 9 2 4 9 2 4 7 2 4 4 2 3 6 2 2 3 1 9 4
6 6  o o 9 2 1 1 2 1 1 2 1 1 2 0  8 2 0 3 I  93 1 7 0
6 6  o o 1 0 1 8 2  ' 1 8 2 1 8 1  / 1 8 0 1 7 6 1 6 8 1 5 0
6 6 o o 1 1 1 5 3 1 5 8 1 5 8 157 154 1 4 7 133
6 6  o o 1 2 1 3 3 139 139 1 3 8 135 1 3 0 1 1 8
6 7 0 0 8 2 4 2 2 4 2 2 4 0 2 3 6 2 2 9 2 1 5 1 8 6
6 7 0 0 9 2 0 6 2 0 6 2 0 5 2 0  2 1 9 7 1 8 6 1 6 4
6 7 0 0 1 0 1 7 7 177 1 7 7 1 7  5 1 7 1 1 6 3 1 456 7 0 0 1 1 154 154 154 153 1 5 0 M 3 1 2 8
6 7 0 0 1 2 135 I 3 6 1 3 6 135 T 'i X 0 ^ 1 2 7 1 1 4
6 8 0 0 8 2 3 6 235 2 3 4 2  2 9 2 2 2 2 0  8 1 7 9
6 8 0 0 9 2 0 1 2 0 1 2 0 0 1 9 7 1 9 1 1 8 1 1 5 8
6 8 0 0 1 0 *  73 173 173 1 7 1 l 6 6 1 5 8 1 4 0
6 8 0 0 1 1 1 5 1 1 5 1 1 4 9 I  4 6 1 39 1 2 5
6 8 0 0 1 2 1 3 2 133 1 33 1 3 2 I  2 9 1 2 4 h i
6 9 0 0 8 2 3 1 2 3 0 2 2 8 2 2 4 2 1 6 2 0  2 173
6 9  0 0 9 1 9 7 197 195 1 9 2 1 8 7 1 7 6 1 53
6 9 0 0 1 0 1 7 0 I  7 0 1 6 9 1 6 7 1 6 3 154 1 3 6
6 9 0 0 1 1 1 4 8 I  4 8 1 4 8 1 4 6 M 3 1 3 6 1 2 1
6 9 0 0 1 2 1 3 0 I  3 0 1 3 0 1 2 9 I  2 6 1 2 1 1 0 9
6 1 0 0 0 8 2 2 6 2 2 5 2 2 3 2 1 9 2 1 1 1 9 7 1 6 7
6 x 0 0 0 9 1 9 3 193 1 9 1 i 3 8 1 8 3 1 7 2 1 4 9
6 1 0 0 0 1 0 1 6 7 1 6 7 1 6 6 1 6 4 159 1 5 1 1 33
6 1 0 0 0 1 1 145 I  4 6 1 45 1 4 4 I  4 0 *33 1 1 8
6 1 0 0 0 1 2 1 2 8 1 2 8 1 2 8 1 2 7 1 2  4 1 1 9 1 0 6
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Sable Ho*?6
s T R E S S E 8
!/ 1 \ H E> 7 E=6 E = s E — 4 E> 3 E= 2 E=
M= • 1 M = . i 5 K = . 2 M = . 2 5 m = . 3 M = . 3 5 i i •
I oo 8 3 * 9 3 2 0 3 2 1 3 1 9 3 1 3 30 2 2 7 5
I oo 9 2 6 6 2 6 8 2 6 9 2 6 7 2 6 4 2 5 5 2 3 4
IO O 10 2 2 6 2 2 8 2 29 2 2 8 2 2 5 2 1 8 201
I OO 11 1 95 1 9 6 1 9 7 1 9 7 1 9 4 1S9 1 7 5
I O O 12 1 69 1 7 1 1 7 2 1 7 2 1 70 * 6 5 1 54
2 0 0 pO 2 8 7 2 8 3 2 8 8 2 8 5 2 7 9 2 6 6 2 3 8
2 0 0 9 2 4 2 2 4 3 2 4 2 2 4 1 2 3 6 2 2 7 20 5
2 0 0 1 0 2 0 6 2 0 7 2 0 7 2 0 6 2 0 3 1 95 1 7 8
2 0 0 1 1 1 7 8 1 79 1 79 1 79 1 76 1 70 1 5 6
2 0 0 1 2 ^ 5 5 1 5 7 1 5 7 1 5 8 1 5 4 1 5 ° 1 38
3 0 0 n0 2 6 9 2 6 9 2 6 8 2 6 5 2 5 8 2 4 6 2 1 7
3 0 0 9 2 2 7 2 2 8 2 2 7 2 2 5 2 2 0 2 1 0 1 83
3 °Q 10 1 9 4 1 9 5 1 9 5 I 9 3 1 90 i 3 2 1 64
3 0 0 11 1 6 8 1 6 9 1 6 9 1 6 8 1 65 1 5 9 M 5
3 ° ° 12 1 4 7 1 4 8 148 1 48 1 4 5 1 40 1 2 8
4 0 0 00 2 5 6 2 5 6 2 5 4 2 5 1 2 4 4 231 20 2
4 0 0 9 2 1 7 2 1 7 21 6 21 4' 2 0 9 199 1 7 6
4 0 0 10 i 3 6 1 8 7 1 8 6 1 8 4 1 8 1 1 73 1 55
4 0 0 11 1 61 1 6 2 1 62 1 61 158 151 1 3 7
4 0 0 12 1 4 1 1 4 2 1 42 1 41. 1 39 13  4 , 1 2 2
5 0 0 Q0 2 4 6 2 4 6 2 4 4 2 4 0 2 3 3 2 1 9 ’ 1 9 0
5 0 0 9 2 0 9 2 0 9 2 0 8 2 0 5 2 0 0 190 1 6 7
5 0 0 10 1 79 1 8 0 1 7 9 1 77 1 7 3 1 6 5 1 47
5 0 0 11 1 56 157 1 5 6 155 152 M 5 1 3 i
5 0 0 1 2 137 1 3 8 1 3 8 137 1 3 4 1 29 11 7
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Table Bo.??
c T  D n* O; cr E S
r r
I v u p-1 ZZ f~j E =  6 rr—  r^ - 5 E= 4 E> 3 E ~  2 E =
n = . i M = . i  5 K = . 2 M = . 2 5 M = . 3 m = . 3 :5
M —A i »
6 oo R 2 3 8 2 3 7 2 3 5 231 2 2 4 2 1 0  ■ 1 8 1
6 o g 9 2 0 2 2 0  2 2 0  I 1 9 8 1 9 3 1S2 1 5 9
6 oo 10 1 7 4 1 7 4 I 7 4 1 7 2 1 6 3 1 59 141
6 o o 11 1 5 2 1 5 2 1 5 2 1 50 1 4 7 1 40 1 26
6 o o 12 1 3 3 1 3 4 * 3  4 1 3 3 1 3 0 1 25 1 1 2
7 oo 8 231 2 3 0 2 2 8 2 2 4 2 1 6 20  2 1 73
7 0 0 9 1 9 7 I 9 6 19 5 1 9 2 xS 7 1 7 6 153
7 0 0 1 0 1 7 0 I  70 1 6 9 1 6 7 1 63 1 5 4 1 3 6
7 0 0 11 1 4 8 I  48 1 4 8 1 4 6 1 4 3 1 3 6 1 2 1
7 0 0 12 1 3 0 131 1 3 0 I  29 1 2 7 1 2  1' 1 0 9
8 0 0 8 2 2 4 2 2 4 2 21 21 7 20  9 1 9 5 1 6 6
8 0 0 9 1 9 2 1 9 2 1 9 0 1 8 7 1 8 1 I  71 148
8 0 0 10 1 6 6 l 6 6 1 6 5 1 6 3 1 58 I  50 1 3 2
8 0 0 11 * 4 5 1 4 5 1 4 4 1 4 3 1 3 9 133 1 1 8
8 0 0 12 128. I 2 8 , 1 2 8 <r  ^SI  2u 1 2 4 1 1 3 1 0 6
9 0 0 Q 2 1 9 2 l 8 21 6 21 I 2 0 3 13 9 1 60
9 0 0 9 1 3 8 1 8 7 1 8 6 l 3 2 1 77 T1 0 1 43
9 0 0 10 1 6 2 1 6 2 1 61 1 5 9 1 5 5 1 4 6 120
9 00 11 1 42 1 4 2 1 42 I 1 3 6 1 2 9 1 1 4
9 0 0 1 2 1 25 1 2 5 1 2 5 1 2 4 121 1 1 5 1 0 3
1 0 0 0 8 2 1 4 2 1 3 2 1 1 20 6 198 1 8 4 1 5 4
1 0 0 0 9 1 8 4 i 3 3 1 8 2 T n PI  y j 1 7 2 1 6 2 1 3 3
1 0 0 0 1 0 1 5 9 1 5 9 1 5 8 1 5 8 1 5 1 1 4 3 1 2 4
1 0 0 0 11 1 3 9 I  4 0 1 3 9 1 3 7 1 3 4 1 2 7 1 1 1
1 0 0 0 1 2 1 23 1 2 3 1 2 3 I  21 1 1 9 1 1 3 100
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CO 
CO 
CO 
CO 
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O
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Sable H©*?8
s T Pk I V T—'c S 8 E S
K H E>7 E = 6 E= 5 E- 4 E>3
031!LxJ E=
M = * 1 M = . 1 5 M = . 2 M = . 25 m = . 3 ^=•35 n = .
IOO 3 309 31 1 3*1 3°9 303 291 264
I oo 9 258 259 260 258 2 5 4 245 224
I oo 10 219 . 221 221 2 20 2 17 210 193
I oo 11 189 I 90 191 191 188 183 169
IOO 12 165 166 167 166 165 1 60 149
200 3 278 279 278 275 268 256 227
2 00 9 233 234 233 231 227 217 195
200 10 199 20 0 200 199 195 i53 170
200 11 172 173 174 173 1 70 164 * 50
200 1 2 151 152 152 151 ■ 149 144 1 3 3
3°° 3 260 260 258 255 2 48 235 20 6
300 9 218 219 218 21 6 211 201 178
3°0 10 187 T Q Q I 0 0 1S8 186 182 1 74 I 57
300 11 163 163 163 162 1 59 1 53 138
300 1 2 M 3 243 M 3 1 43 1 40 135 123
400 8 247 246 245 241 234 2 20 191
400 9 208 208 20 7 205 199 189 166
400 10 179 I 79 1 79 177 1 73 165 147
400 11 156 158 156 155 1 52 H 5 130
400 1 2 137 137 137 1 36 1 34 129 116
500 a 236 236 234 230 222 20 9 179
500 9 200 200 199 196 190 1 So 157
500 10 173 1 73 1 72 170 166 158 r39
500 11 150 151 150 1 49 146 139 124
500 12 132 133 133 132 129 124 111
co 
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Table No.79
S T R E S S E S
K H E = 7 E = 6 E = 4 E = 3
1!
L
U E =
M = . i M = . i 5 M” .  2 M =. 3 5 M = . 3 M= . 3  5 M = .
6 0 0 8 ' 2 2 8 . ' 2 2 7  ’ 2 2 5 ■ 2 2 1 2 1 3 1 9 9 1 70
6 0 0
9
: 1 9 4 ' 1 9 3 1 9 2 ' 1 8 9 1 8 3 x 73 1 5°
6 0 0 : 10 : 1 6 7 1 6 7 1 6 7 1 6 4 1 6 0 1 5 2 1 3 3
6 0 0 : 11 1 46 1 4 6 1 4 6 I 4 4 1 41 13 4 1 1 9
6 0 0 : 1 2 1 2 9 1 2 9 x 29 1 2 8 1 2 5 1 1 9 1 0 7
7 0 0 8 : 2 2 1 : 2 2 0 2 1 8 2 1 3 2 Q  6 1 9 1 1 6 2
7 0 0 9 ■ 1 8 8 ' 1 8 8 1 8 6 1 8 3 1 7 7 1 6 6 1 4 3
7 0 0 10 1 6 3 : 1 6 3 1 6 2 I  60 1 5 5 1 4 7 1 28
7 0 0 11 1 4 2 1 43 1 42 I  40 1 3 7 1 30 1 1 5
7 0 0 1 2 1 2 6 1 2 6 1 2 5 1 2 4 i  21 x  1 6 1 0 3
8 0 0 8 2 1 5 ’ 21 4 2 1 1 : 2 0  7 1 9 9 1 8 5 1 5 5
8 0 0 9 1 8 3 1 8 3 1 8 1 1 78 1 7 2 1 6 1 1 3 8
8 0 0 : 1 0 1 5 9 1 5 9 1 58 1 5 5 i  S i 1 4 2 1 2 4
8 0 0 x 1 ■ 1 3 9 1 3 9 1 3 9 13 7 13 3 1 2 6 h i
8 0 c i 2 i  23 ± 2 3 i  23 1 2 1 1 1 8 113 1 0 0
9 0 0 8 ' 2 1 0 2 0 8 2 0  6 2 0 1 193 1 79 1 49
9 0 0 9 1 7 9 1 78 1 7 7 1 73 1 6 7 1 56 x 33
9 0 0 1 0 1 56 1 5 5 1 5 4 1 5 2 1 47 1 3 8 1 20
9 0 0 11 I 3 6 1 3 6 1 3 6 1 3 4 1 3 0 1 23 1 0 8
9 0 0 i  2 I  20 i  21 i  20 1 1 9 1 1 6 1 1 0 9 8
1 0 0 0 8 2 0  5 2 0  4 2 0 1 1 9 6 1 8 8 1 7 3 1 43
1 0 0 0 9 1 7 5 1 7 5 1 7 3 1 6 9 1 6 3 1 5 2 i  28
I c o o 1 0 I  52 1 52 1 5 1 1 48 1 4 4 1 3 5 1 1 6
I O O O 11 1 3 4 1 3 4 1 3 3 1 3 1 1 2 7 i  20 10 5
1 0 0 0 i 2 Il8 1 1 8 1 1 8 1 1 6 1 x 3 1 0 8 9 5
\0 
vO 
VD 
VO 
VO 
VO 
vO 
M3 
vO 
vO 
VO 
vO 
VO 
VD 
v£> 
VO 
vo 
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VO 
VO 
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VO 
MO
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Table No.80
S T R E S S E S
K H E = 7 E=6 E -  s E > 4 E=3 E==2 E = i
f * = . i H = .  i  5 M— « 2 M = . 2 5 M= . 3 ^ = • 3  5
•si­ftI!
IOO 8 301 362 301 : 299 293 28 1 253
IOO 9 ' 250 251 : 251 ■ 250 246 236 21 5
IOO 10 : 213 2 1 4 2 1 4 : 213 210 203 1 86
IOO 11 1 84 185 1 8 5 1 8 5 182 177 163
IOO 12 160 1 62 162 162 1 60 * 5 5 * 4 4
200 8 • 269 269  : 268 : 2 6 5 2 59 2 46 217
20 0 9 5 2 5 226  : 2 2 5 • 2 2 3 218 208 186
200 10 : 193 193 193 192 188 180 163
200 11 167 1 68 168 1 67 1 6 4 158 143
200 i  2 1 46 1 47 1 4 7 147 1 4 4 * 3 9 127
300 8 251 251 249 : 2 4 5 238 2 25 196
300 9 211 211 210 : 20 7 20 2 192 169
300 10 181 181 181 179 1 7 5 167 149
300 11 1 57 1 58 1 58 156 153 1 47 132
300 i  2 138 139 139 138 . 1 3 5 130 118
400 8 : 238 23 7 235 •2 3 1 22 4 210 181
400 9 - 200 200 199 1 96 19 1 180 1 58
400 10 173 173 1 7 2 1 70 1 6 6 1 58 139
400 11 1 50 151 150 149 1 46 139 1 2 4
400 i  2 132 133  , 133 132 129 1 2 4 h i
5OO 8 . : 228 227 2 2 5 • 220 213 199 1 69
500 9 192 192 191 188 1 82 1 71 1 48
500 10 1 66 166 1 65 1 63 1 59 1 50 132
50 0 11 1 4 5 1 4 5  • 1 45 1 43 1 40 133 118
500 i  2 : i  28 i  28 128 127 i  24 119 10 6
vO 
vo 
VO 
VO 
VO 
v
O
V
O
v
Q
V
O
v
D
 
V
D
V
O
V
O
 
vo 
VO 
VO 
vo 
vo 
vQ 
vo 
vO 
VO 
vO 
vO 
vO
g a b l g J j f o # § 1
S T
TT H E = 7
M = . i
E=  
11=.
6 0 0  
6 00 
6 0 0
Qvj
9 
1 0
2 1 9 ^0 /-1 0 0  
1 6 1
2 1 8
1 8 5
1 6 1
6 0 0
6 0 0
11 
1 2
1 41 
1 2 4
1 41 
1 2 4
7 0 0
7 0 0
7 0 0
7 0 0
7 0 0
8
9
10
11 
1 2
21 2 
1 8 0  
1 5 6  
1 3 7  
1 2 1
2 1 1
1 8 0  
1 5 6  
1 3 7  
121
8 0 0  
3 00 
3 o o  
8 0 0  
8 0 0
q
9
10
11 
1 2
2 0 6
1 7 6
1 5 2
M 4
11O
2 0 5
1 7 5
1 5 2
1 3 4  
1 1 9
9 00
9 0 0  
9 00
9 0 0
9 00
0u
9
I  0
I I  
1 2
2 0 1
171
1 4 9
^ 3 i
1 1 6
199.
1 7 1
1 4 9
1 3 1 
1 1 6
1 0 0 0  
1 0 0 0  
1 0 0 0  
1 0 0 0
00
9
10
11
1 9 6  
1 6 8  
1 46  
1 2 8
2 9 4  
1 6 7  
1 45
1 2 8
1 0 0  0 1 2 1 1 4 1 1 4
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S S E S
E = 4 E =3 E= 2 E=i
M = . 2 5 ;M=. 3 M = - 3 5 M= • 4
2 1 1 20  4 1 8 9 1 6 0
1 3 1 i  75 1 6 4 14 1
1 5 7 1 5 3 1 44 126 .
* 3 9 135 1 28 11 3
1 23, 1 20 1 1 4 1 0 2
2 0 4 19 6 181 M 2
1 7 5 1 69 t r 5?1 5^ 1 3 4
25 3 1 4 8 * 3 9 1 2 1
135 131 1 2 4 1 0 9
1 19 1 1 7 i n 9 3
1 9 7 1 8 9 1 7 5 1 45
1 70 1 63 1 52 129
1 48 1 4 4 1 3 5 1 1 6
1 3 1 1 2 7 1 20 1 0 5
11 7 1 1 4 1 o3
i
%
9 5
1 9 2 T R « 10 2 1 6 9 .. 1 38
1 6 5 1 5 9 1 4 7 1 2 4
1 4 5 I 40 131 1 1 2
1 28 1 2  4 11 7 1 0 2 '
1 1 4 III 1 0 5 9 2
1 3 6 I  78 163 M 3
1 61 155 M 3 120
1 4 1 I 3 6 1 28 1 0 9
125 12 1 1 1 4 9 9
1 1 2 I O 9 1 0 3 90
t?
L-
E=5
H=.2
216
1 8 4
I  6 0
I  4 0
1 2 4
2 0 9
I  78:
^55
1 36
1 2 1
2 0 2
1 73
151
1 33
1 1 3
1 9 7
1 6 9
1 4 7
1 3°
116
1 9 2
165
1 4 4
127
113
